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; 'T is the privilege of real great- 
neſs not to be afraid of dimi- 
nution by condeſcending to the 


notice of little things ; and I there- 
fore can boldly ſolicite the pa- 
tronage of Your MajzsTy to the 
humble labours by which I have 
endeavoured to improve the inſtru- 


ments of ſcience, and make the 
| globes 


DEDICATION. 
globes on which the earth and ſky 


are delineated leſs defective in their 
conſtruction, and leſs difficult in 
their uſe. HA Af 2 


Geography is in a peculiar man- 
ner the ſcience of Princes. When 
a private ſtudent revolves the terra- 
queous globe, he beholds a fucceſ- 
ſion of countries in which he has 
no more intereſt than in the ima- 
ginary regions of Jupiter and Saturn. 
But Your Majzs Ty muſt contem- 
plate the ſcientifick picture with 
other ſentiments, and conſider, as 
oceans and continents are rolling 
before Vou, how large a part of 
mankind is now waiting on Your 
determinations, and may receive be- 

nefits 
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' nefits/ or ſuffer evils, as Your. in- 
Su is extended or withdtawn. | 
The provinces which Vaſe Mas 
JESTY'S arms have added to Vour 
dominions, . make no inconſiderable 
part of the orb alloted to human 
beings. Your pomer is acknow- 
ledged by nations whoſe names we 
know not yet how to write, and 
whoſe boundaries we cannqs yet 
deſcribe. But Your MajssTx's 
lenity - and beneſicence give us 
reaſon - to expect the time when 
ſcience ſhall be adyanced by the 
diffuſion of . happineſs ; when the 
deſarts of America ſhall become 
pervious and fafe, when thoſe who 
are now reftrained by fear ſhall be 
attracted 


* - 2 
f 1 
% 


| 
| 
| 


DEDICATION. 


attracted by reverence, and multi- 
tudes who now range the woods for 
prey, and live at the mercy of winds 
and ſeaſons, / ſhall by the paternal 
care of Vour Majzs Ty enjoy the 
plenty of cultivated lands, the plea- 
ſures of ſociety, the ſecurity of law, 
and the li ight * 3 


ee 
Jam, 


— * 1 r 4 » 
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STR, 


Your Ma JESTY {3 


N moſt . 

Sa moſt obedient, 

1 and moſt dutiful 
Subject and Servant, 


GEORGE ADAMS, 


ADVERTISEMENT. 


BEING encouraged to offer ta the pub- 
lic a ſecond edition f my TREATISE 


on THE GLoBes, I thought myſelf engaged 
to confider, whether I might not be able, by a 
few additions, to render it more ue eful than 
the former. 
And as ſome obſervations on the folar ſyſtem 

ſeemed to be wanting, I have herein endea- 
voured to ſupply that defeft, & prefecing a 
ſhort view of 1t. 

T have alſo added ſome e problems, 
and extended the uſe of the Globes to the ſolu- 
tion of all caſes in Spherical Trigonometry, 
which are applied to a variet, of aſtrono- 
mical problems; and that theje > ditions might 
be more inſtructive and amuſing, I have il. 
luſtrated them by eleven copper plates. 
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HE connection of aſtronomy. with 
geography 1 is ſo evident, and both. 
in conjunction are ſo neceſſary ta a 
learned education, that no man will be 
thought to have deſerved ill of the republic 
of letters, who has applied his endeavours 
to throw any new light upon ſuch uſeful 
ſciences. And as the pheenomena of the 
earth and heavens can be adequately illu- 
ſtrated only by the mechanical -coritrivance 
of globes, whatever improvement is made 
in theſe muſt deſerve regard, in proportion 
as it facilitates the attainment of aſtronomi- 


cal and geographical knowledge. 


As to maps and all projections of the 
ſphere in plano, their uſe is more difficult 
is thoſe of the globe, of which indeed 
they are only ſo many. pictures; nor can 
they be thoroughly underſtood without more 

ſkill 
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ſkill in geometry than is commonly poſ- 
ſeſſed by beginners, for whoſe uſe the fol- 
lowing treatiſe is principally deſigned; tho 
it alſo contains ſome obſervations, which I 
hope will not be altogether ynacceptable to 
a more learned reader. | 


The globes now offered to the bande ace 
of a conſtruction new and peculiar ; they 
contrived to ſolve the various phenomena 'of 
the earth and heavens, in a more eaſy and 
natural manner than any hitherto publiſhed, 
and are ſo ſuſpended that the ſtudent may 
elevate the ſouth pole; a thing impracticable 
in the uſe of che common globes. | 


That agreement too, which is dae 
pointed out between the celeſtial and terre- 
ſtrial ſphere, will be found to open a large 
field of geographical and aſtronomical know- 
ledge; and will afford*both inſtruction and 
amuſement to every unprejudiced enquirer, 
This correipondence ariſes from a compariſon 
of one globe with the other, or of the diſtances 
of different places on the earth's ſurface, 
with the relative diſtances of ſuch fixed 
ſtars as anſwer to them in the heavens, 


By 


PREFACE. - nn 

By theſe ſteps of ſcience, the' mind of 
man may. be raiſed to the contemplation 
of the divine wiſdom, which has ſo ad- 
juſted the proportion of days, months, ſea- 
ſons, and years, in the different parts of the 
terraqueous globe, as to have diſtributed 
with an / impartial hand, though after a 
manner wonderfully various, an equal ſhare 
of the ſun's light to every” aten 1 
heaven. 

By theſe globes, with aer n 
rience in aſtronomy, may be ſeen how the 
moon changes her place every night, by 
obſerving her poſition with reſpect to any 
fixed ſtar, and how ſhe proceeds regularly 
from it to the eaſtward; as the ſeveral 
planets alſo; may be obſerved to do, ſome 
more ſlowly than others, as their orbits are 
more or leſs remote from the center of the 
ſyſtem ; while the regularity of their motions, 
ſtrictly conformable at all times to the laws 
of their Creator, exhibits a ſtriking pattern' 
of obedience to every rational ſpectator. 

But ir will be proper in this place to in- 
form the reader what he is to expect in 
the globes, and in the following treatiſe 
intended to accompany and explain them. 

The 
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be ſuperior accuracy with which the 
plates are drawn and engraved, will, it is 
hoped, appear to competent judges at the 
firſt ſight M for the perfecting of which no 
expence of time or labour hath been ſpared. 
'The celeſtial globe is improved by the addi- 
tion of ſeveral thouſand ſtars more than 
have appeared upon any globe hitherto pub- 
liſhed ; all the lateſt diſcoveries in geography 
and aſtronomy are in both of them ſtrictly 
followed, and many new lines and circles 
are inſcribed, the uſe of which will be fully 
explained hereaiter. 

In the treatiſe, we have made choice of 
that method of finding the times of equinox, 
which is the moſt modern and fimple ; and 
which perhaps gives the trueſt mean length 
of a tropical year; that the young ſtudent 
may with greater eaſe and pleaſure be made 
acquainted with the farſt principles, and from 
them be carried on to the more abſtruſe 
parts of aſtronomy. 

To render this book as eatenbvely uſeful 
as poſſible, I have endeavoured, with all 
the clearneſs I am maſter of, to expreſs 
both my on and the ſentiments of other 
authors · on the - ſame ſubject; and 1 think 

| | it 


it my duty to acknowledge the aſſiſtance T 
have received in the courſe of this work, as 
well from books, as from ſome worthy 
friends; as I would not willingly incur the 
imputation either of plagiariſm or ingrati- 
tude, If there Id appear to be any 
defects, to which every human work is 
liable, the reader, I hope, will make ſome, 
fayqurable allowance for the undertaker of 
a taſk ſo complicated and laborious, and: 
correct my errors for himſelf, as well as he 
1s able, | 


N. B. When the reader is hereafter directed 
to apply a card, or the edge of a card, to any 
part of the globe, it is to be underſtood that he 


ſhould cut a card of any kind, exactly in the 


ſize and ſhape of A BC P, fig. for the 
globes of eighteen inches diameter; and of 
the ſize and ſhape of EF GH, for thoſe of 
twelve inches diameter; then, if the arch B 
C, or F G, are applied to the ſurface of 
their reſpective globes, the lines A B, or CD, 
E F, and GH, will become radii from the 
center of the globe. It is frequently required 
to know what point upon the ſtrong braſs 


meridian, or broad paper circle, exactly an- 


ſwers to a given * upon the globe, and as 
this 


this cannot be well known by inſpection, on 
account of the neceſſary diſtance of theſe two 
circles from the ſurface, if the corner B or F 
be applied to the given point upon the globe, 
the edge of the card will exactly mark the de- 
or part of the degree required. 

For elevating the polg exactly, the card i is . 
to be laid upon the broad paper circle, and its 
edge applied to the ſtrong braſs meridian, by 
which means the degree, and parts of a degree, | 
w_ * 1 * Minkclent 1 
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rern, 


- SOLAR SYSTEM, - 


TRONOMY, 4 is defer- 
vedly eſteemed the moſt noble and 
exalted branch of human literature, 
2 „regards the various phenomena c of 
thofs ary bodies, which the invention 
of as iniſtruments hath brought within 
our obſetvation, from the Rey. of Us 
terreſtrial globe. © _ 
It diltbyers to us their Stud, magni- 
tudes, diſtances, and motions ; and enables 
pe to determine with preciſion the length 
years, months, and days, and to account 
for the viciflitudes of the ſeaſons; and, in 
i W explains whatever falls within our 


3 con- 
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The Solar Syſtem 


1, Confiſts of the ſun, (from which it 
receives its - denomipntivd,) ff ry, 
ten ſecondary planets, and the comets. 
Theſe, with that collection of innumerable 
ſpherical bodies which compoſe the unixerſe, 
are called the Gyflern of the rid; all 
which appear to the inhabitants of the earth, 


as if they were eee ee 


* The Coperaican,, or ſolar Hite 45 
poſes the ſun in the center, having * motion 
round its axis, which is 9 im about 


25+ days. This motion was diſcovered by 
the revolution of thoſe if pots, e 


frequently ſeen in its die, had and are re | 
to adhere to its ſurface ; and its axis is in- | 
clined to the ons the elde in n pg = i 
of about 87: d egrees. oiab 03 211 | 

3. The fix primary planets move round 
the ſun in their reſpective elliptical. orbits, 
* welt to eaſt, „* 


— 
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in various periodical times. Their names 
and characters, in the order in which they 


revolve about the ſun, are expreſſed | in fig. 2, 
and are as OW > 


AT ww 


Mercury, . The Barth, Mars, faphter Sitarn. 
k 3 8 2 (+ 0 9 | +. n 

4. The planets are diſtinguiſhed from 
the fixed ſtars, by their motion, and the 
ſteadineſs of their light. The apparent dia- 
meter of the fixed ſtars is ſo ſmall, by rea- 
ſon of cheir immenſe diſtanee, that every 
ſmall atom floating in our atmoſphere in- 
tercepts their light, and cauſes them to 
twinkle. But that of the planets being 
greater, as they are nearer to us, wy ſhine 
with a ſteady light. 

g. The fixed ſtars keep their _ and 
diſtances with reſpect to each other, but the 
planets change theirs, from . 
heavens to another. 

6. Some of the primary punetz are at- 
tended with ſmaller, called fecondary pla- 
nets, moons, or ſatellites. Oar earth is at- 
tended by the moon; Jupiter by four, and 
Saturn by five ſatellites ; the nine laſt are not 
_ without the aſſiſtance of a teleſcope. 

| B 2 7. The 


4 A Comprehenſive View 
7. The'obſeryation of comets, ſeen ſome- 
times within the limits of the ſolar ſyſtem, 
hath been hitherto ſo imperfect, that we 
hall only take notice for the preſent, that 
they are ſuppoſed to move round the ſun, 
in very eccentric orbits, and appear to us 
only when they are in that part of their or- 
bit neareſt the ſun: they move in various 
directions and inclinations; the lower, part 
of one of theſe orbits is repreſented in fig · 2. 
As the ſan has a number of planets and 
comets moving round him, ſo every fixed 
ſtar is ſuppoſed to be a ſun, and to have a 
ſyſtem of i ts mn. | 


The orbits of the "REI 


g. The path deſcribed by a planet in its 
motion round the ſun is called its orbit. 
In fig. 2. their ſeveral orbits are repreſented 
by. copcentric circles: the paths which 
they deſcribe are elliptical, and the ſun is 


in one of the foci. Ia fig. 3. ATP V is 
an ellipſe, AP its tranſverſe, V'T-:its con- 


jugate diameter; 8 and N are its two foci; 
C.is the centre of the ellipſe; the diſtance 
between Cs. or N is called the eccen- 
tricity. Ss e 

q 15 N 9. The | 


o - 
— a L 
5 * . 
- 


of "the Solar Syſtem. 7? 
9. The orbit of every planet is in a plane 
paſſing through the ſun, which planes are 
inclined. to one another: thus in fig. 4. let 
ABCD repreſent the earth's orbit, or plane 
of the ecliptic; this is taken for a ſtandard, - 
from which the inclination of each orbit of 
the planets, as E D B, is meaſured. The 
inclination of the orbit of Mercury is 6, 
52% that emu g 33“ of Mars 19, 52%, 
of Jupiter 10, 20%, and of Saturn 2%, 300. 
10. To a ſpectator from the ſun, the 
planes of the orbit of each planet produced 
to the fixed ſtars would mark, in the ce- 
leſtial ſphere, their ſeveral inclined helio- 
centric orbits; their paſſage through theſe 
is their heliocentric motion, Theſe extend- 
ed planes, to a ſpectator on the earth, mark 
out in the ſtarry ſphere their geocentric 
orbits ; and their apparent motion through 
theſe, is called their geocentric motion, 


11. The latitude of a planet ſeen from 
the earth, is called its 'geocentric; if ſeen 
from the ſun, its heliocentric, latitude... 
The nodes of a planet's orbit 
12. Are two points in which it inter- 
ſects the plans of the ecliptic. In fig. 4. 
vr: ABCD 


6. A Comprehenſive View 


ABCD is the plane of the ecliptic ; EBFD 
is the orbit of a planet, in which the points 
B and D are the two nodes. B the aſcend- 
ing, D che deſcending node; the point E 
is called its greateſt Frys and * its 
greateſt ſouthern limit. 

13. The line: of de dee is me BD 
drawn through the n n to 
the other.. 

A planet, ſeen bent de ert, never ap- 
pears in the ecliptic, but when it is in-one 
of its nodes ; in all other parts Ain 
has geocentric latitude. 


The inferior planets 


14. Are Mercury, and Venus ; they are 
called inferior, becauſe their orbits are in- 


cluded within that of the earth; ſec fig. 2. 


Mercury 


| v5; Moves wand the ſun in 87 d. 23 h. 
16 m. which is called his periodical time. 
If we call the mean diſtance of the earth 
from the ſun 1oOO, the mean diſtance of 
Mercury is 387, his eccentricity: 80. No 
* have yet been obſerved in 2 

ere - 


"of i Siler LEY 7 
cherefore it is not 4 anly kbowñ Whether 


AS FE 4 & _% 


he tarns about His axis or Woes but it 1s 
moſt probable that he et. 


. 
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16. Performs her a Fabian pe the 
ſup in 224 d. 16 h; 4 m. which is called 
her periodical time; her mean diſtance is 
524, ind her eccentricity 5 3 her. motion 
about her axis is performed in 24 days, 8 
Houts, according to Bianchimi ; and the in- 
con of ler axis to the plane of the 
E 7 is 15 degr eas, 

be gteatelt diſtance of the earth, or 
of CO planet 1 the ſun, ĩs called its aphe- 
lion, or higher apfis ; ; its leaſt diftance is 
called the perihelion, or lower apſis. Thus 
in fig. 3. A is the place of the aphelion, P 
that the 1 1 axis P A of any 
planet's ellipſis, is ed the line of the 
apſides; the extreme points of its ſhorteſt 
x HY TV, are che places of 3 its mean 
diſtance from the fun; and ST, or SV, 
the line of its mean diſtance. 

18. A planet is faid to be in copmdicn 
Wich the. fas when i its apparent place, ſeen 
from the earth, is in or near the fun's 
pa B 4 place; 


1 . N 8 del | 


A elongation of a plates © Pita 


0 K its apparent difiince from the fun, . 
as ſeen from the earth; .A Planet bas yi 
_ elon gation, when in conjunction with . the, 
ſun ; in oppoſition, it has 180 degrees. In. 
fig..5. t Tt, repreſents a part of the earth's 
orbit; T the earth, 80 the ſun; ACE an 
arch of the ſtarry, ſphere, and d the place 
of Venus in her orbit. 'A ſpeRator © Pon 
the earth at T would refer the ſun's place 
to thaſe fixed ſtars at C, and that of Vehus : 
to thoſe at D: in this caſe the an gle ,CTD 
15 the apparent diſtance between 2 ſun and 
Venus, and is called the angle of dong 
3 

20. An inferior planet may be in eu. 
junction with the ſun in two ſituations; 
1. when it is between the earth and the 
ſan, called the inferior conjunction; 2. when 
the ſun is between the earth and planet, 
called its ſuperior conjunction; 222 it can 
never be in oppoſition to the ſun. 

21. The greateſt elongation of an a 
F OS Fly drawn Ty vs. 


* 


22. As an inferior planet moves from its 
greateſt elongation at a, fig. 5. through 85 
its ſuperior conjunction, to e, its greateſt 
elongation on the other ſide of hi ſun, its 
geocentric motion is direct. v 
| 23. When the earth is at T. a 
een, at T. ſees the planet at a, in the 
line Ta A among the fixed ſtars at A: 
when the planet is come to b, it appears in 
the line Tb B, or amongſt the ſtars at B; 
at c, it is in its ſuperior conjunction. and ſeen, | 
among the ſtars at C; at d, it appears among 
the ſtars at D; and when it arrives at e, it 
appears among thoſe at E. In this motion, 
Venus appears to deſcribe the arc ABCDE,. 


in the concave ſphere of the heavens: and 
as theſe letters are in the ſame direction with 
abcde, which expreſs the planets mo- 
tion round the ſun, its apparent motion ſeen. 
from the earth is therefore direct, from 
| welt to eaſt, or according to a wall 
figns., 
24. An inferior planet raflivg * e, its 
greateſt elongation, through f, its inferior 
conjunction, to a, its greateſt elongation on 


- 
— 
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euch at T., through the planet at e, is 2 
| tangent to the orbit of the planet. ne 


ro np 15 rebonffo be View 
the other fide of the fun, its geocentrlc mo- 


tion is retrogtade. * 
As Venus is moving from e to n, ſhe 


Spears in the line Tnd , and is ſeen 
among the ſtars at D; when ihe comes to 5. 
Ber inferior conjundtion, ſhe appears amongſt 

the ſtars at C; at m, The is ſeen in the con- 
cave & ſphere at BY and when ſhe's at a, in 
het on orbit, ſhe appears at A, in the hea- 
vens. Hence, "as che planet paſſed through 
enfma, in its natural motion, its apparent 
motion was backwards, throu 'EDCBA, 
of contrary to the order of e ſigns. 


23 5. When the inferior, Pl lanets. 1 at their 
greateſt elon gation, they appear Rationary, 
or continue in the fame place for ſome, 
time, before their motion changes from 
direct to rettograde, or from retrograde to. 
direct again. 2 eg 

The time of the retrogreſſion of Venus 

is about 40 days, of Mercury, 18 day _ 
26. In order to have a clear des of the 
apparent motion of a planet, conceive the 
lines Ta A, TbB, &c. to move with the 
earth; ſo that the points e nf ma, whilſt 
the extth performs its revolutzon, > ly run 

throogh the orbit of the planet. 

27. The 


27. The inclination of the orbits of the' 
planets to the plane of the ecliptic, is the 
cauſe, why they do not ſeem to move in the” 
ecliptic line, but are ſometimes above, and 
at others below it. In fig. 6. let NVN Q- 
be a circle in the plane of Tt the ecliptic,- 
and NAN, the planet's inelined orbit, 8 
the ſun, the earth at T, and the planet at 
A ; if the ſhort line V A be imagined per- 
pendicular to the plane of the ecliptic, and 
to paſs through the planet at A, the angle 
V TA, is the latitude of the planet, which 
is called the geocentric latitude, to diſtin- 
guiſh it from the beliocentrie latitnde, as 
ſeen from the ſun, Which is en by 
the angle AS V. 

28. When a planet is in the node'at N: 
it appears in the ecliptic line; as it recedes 
from thence its latitude increafes; and this 
is different, according to the fituation of the 
earth; ſo that the latitude is greater when 
the earth is at T, and the planet at A, than 
when. the earth is at t, and the planet at V. 


29. A planet is ſaid to be in quadrature 
whien-H/i 90 degrees diſtant from the fun 
the inferior planets cannot be in quadra- 


ture, as their greateſt elongation can never 
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be a right angle; therefore. they never ap- 
pear far from the ſun; for Venus and Mer- 
cury are only ſeen in an evening towards 


the weſt, ſoon after ſun: ſet, or a little be- 
fore the ſun riſes in the morning. The 


greateſt clongation of Mercury is 33 dern 
and of Venus 48 degrees. 
2030. As Venus moves from her en 
to her infetiot conjunction, ſhe ſets after 
the ſun, and is called the evening- ſtar; 
and as ſhe is moving from her inferior to 
her ſuperior comunction, ſhe riſes before . 
lun, and is called the morning - ſtar. 
31. The ſun; being larger uy any 
planet, enlightens a little more than an 
hemiſphere; and as we can only ſee half 
a planet at once, that hemiſphere which 
we ſee is called the difc of the planet. The 


inferior planets are not viſible to us, when 


in their inferior conjunction, but their whole 
junction: and: hen they are in one of their 
' nodes, they appear on the diſc: of the fun 
like a black ſpot ; and this is called a tranſit 
of the planet acroſs the diſc of the ſun, 
As the enlightened hemiſpheres of the in- 


| mas * 
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leſs turned towards the earth, they appear 
through 1 0 Wr 
of the moon "DO HUO07: VILE 
32. When — the evening; ſat; her 
horns are turned towards the eaſt, and tie- 
ſun ſets before, and to the weſtward of 
her. When ſhe is a morning - ſtar; her Horns 
ate e- a weary the ſun 
2 the — ned from the 
ſun. When ſhe is at her greateſt elongation, 
half the enlightened hemiſphere will face 
the earth, and her diſc appear as the moon 
does in the quarters; but when in any part 
between that and her inferior conjunction, 
ſhe appears horned, and between her great- 
eſt elongation and enn her 
appearance: is gibbous. ting nase 
11233; What has been kid of the planet 
Venus, is alſo true with reſpect to Mer- 
cury, with this difference, that he is direct, 
ſtationary, &c. ſo much more frequently 
as his revolutions round the ſun are 1 
rm <5 th EA 

hy 1 The earths. #65: 65 41:44 
* The — motion of the fan, 
aciing 


is A. Comprehenfive View 


ariſing from the carth's' annual motion in 
its orbit, is as follows: In fig. 7. S repre- 
ſents the ſun, T, the earth in its orbit Tt, 
and RQ the concave ſphere of the ficed 


ſtars, Whilſt the earth is moving in its orbit 


from T to t, the ſun ſeems to move thro- 
the ſtarry arch from Q to R, which mea- 
ſures the angle RS Q, equal to the angle 
St, ſo that the celerity of the apparent 
motion of the fun depends upon the ce- 


- lecity of the angular motion of the earth, 


with reſpect to the center of the ſun. In 
2 whole revolution of the earth, the fun 
alſo ſeems to run through a whole circle. 

35. The earth moves round the ſun 
between the orbits of Venus and Mars, 
in 365 days, 5 hours, 49 minutes. Beſides 
this annual motion, it turns round its own 
axis in 24 ſolar hours; its axis is conſtantly 
inchned in an angle of 66+ degrees to the 
plane of the earth's orbit, or the ecliptic, 
aud keeps oontinually parallei mk * 
every part of its revolution, 

In fig. & 8 repreſents the ſun, ABCD 
the orbit of the earth; in the periphery of 
which, the center of the earth is carried 
round the {un, according to the order of 

the 
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the ſigns, or in conſequentia. S re- 
preſents. the equinoctial colure, S 8 M, the 
ſolſtitial coluge ; the circle, in each, a he d, 
repreſents the earth in the four. cardinal 
points of its orbit; in which d e ſeparates 
the enlightened part c bd of the earth's 
diſc, from da c, the obſcure part of it. 

_ The plane of the earth's. annual orbit, 
AB CP, extended every way to the ſphere 
of the fixed ſtars, would deſcribe the ce- 
leſtial ecliptic, which would coincide with 
the terreſtrial ecliptic, here repreſented by 
each of the circles a bed in which e, ig 
the pole of the ecliptic, P the pole of the 
world, or of the equator: in all theſe pro- 
jections, æ is the equator, t the tropic of 
Cancer, L. the path or vertex of London; 
and the circles cutting each other in P the 
pole of the world, are circles of right aſcen- 
ſion in the celeſtial, and of r in the 
terreſtrial ſphere. _ 

36. As the ſun aver. * one 
half of the earth's globe at the ſame time, 
the line de, that divides che illuminated 
from the obſcure part of the carth's diſc, i 1s 
called the edge of the diſc,  - 


» % - 4 14 


16 A Comprehenſive View 

Pa, Pd, Pb, Pc, repreſent o much of 
the earth's axis as falls within theſe pro- 
jections; theſe may be called the line of 
direction of the earth's axis, which is con- 


ſtantly carried round the annual orbit, al- 
ways parallel to itſelf. OY 
357. The inclination of the earth's axis 
will be better - underſtood by obſerving 
fig. 9. in which ABCD repreſents the 
earth's orbit, ſeen at a diſtance; the eye 
ſuppoſed to be elevated a little above the 
plane of it. The earth is here repreſented 
in the firſt point of each of the twelve ſigns, 
as marked in the figure, with the twelve 
months annexed : e the pole, and ed the 
axis of the ecliptic, always perpendicular to 
the plane of the orbit. P the north pole 
of the world, Pm its axis, about which 
the earth's daily motion is made from weſt 
to eaſt, PCE ſhews the angle of its in- 
clination, which preſerves its — 
through eyery part of its orbit. . 
38. When the earth is in the firſt point 
of Libra, the ſun then appears in the op- 
poſite point of the ecliptic at Aries, about 
the 22d of September, N. S. and when 
the earth is in Aries, the fun will then 
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appear in Libra about the 19th of March ; 
at which times of the year the edge of the 
enlightened hemiſphere is parallel to the ſol- 
ſtitial colure, fig. 8. and paſſes thro the two 
poles of the world, dividing every parallel 
to the equator into two equal parts; whence 
the diurnal parallel of every inhabitant on 
the ſurface of the earth will, at either of 
theſe ſeaſons, be half in the illuminated, 
and half in the obſcure part of the earth; 
conſequently the day and night will be 
equal in all places. 

39. Conceive the earth to have moved 
from = Libra to vs Capricorn, its line of 
direction keeping its paralleliſm will now 
coincide with the ſolſtitial colure, fig. 8. and 
the edge of the diſc will be perpendicular 
thereto, and paſs through e, the pole of the 
ecliptic. In this ſituation of the carth, all 
places within the northern polar circle are 
illuminated throughout the whole diurnal 
revolution ; at which time their inhabitants 
ſee the ſun longer than 24 hours ; but thoſe 
which lie under the polar circle touch the 
edge of the diſc, and therefore their inhabi- 
tants only ſee the ſun ſkim quite round their 
horizon at its firſt appearance ; every other 
C parallel 
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parallel interſects the edge of the diſc ; and 
as the illuminated part of each is much 
greater than the obſcure part, the days are 
conſequently at this ſeaſon, of the ſum- 
mer ſolſtice, which happens about the 2 iſt 
of June, longer than the nights. While 
the earth is moving from Libra, through 
Capricorn to Aries, the north pole P, being 
in the illuminated hemiſphere, will have ſix 
months continual day; but while the earth 
paſſes from Aries through Cancer to Libra, 
the north pole will be in the obſcure part, 
and have continual night; the ſouth pole of 
the globe a the ſame time enjoying con- 
tinual day. 

40. When the earth is at Cancer, the ſun 
appears at Capricorn. At this ſeaſon the 
nights will as much exceed the days, as the 
days exceeded, the nights, when the earth 
was in the oppoſite point of her orbit; for 
the nocturnal arches, or obſcure part of 
their paths, are here equal to the illuminated 
parts, when the earth was at Capricorn; and 
the illuminated part is here no more than 
the obſcure part was in that place. 


Our 
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Our ſummer is nearly eight days. 
longer than the winter. 


WY a By. ſummer, is meant the time in 

which the earth is moving in her orbit from 
the vernal to the autumnal equinoX 3 and 
by winter, the time in which it is paſſing 
from the autumnal to the vernal equinox. 
Upon, the globe it is evident that the eclip- 
tic is divided into ſix northern and fix 
ſouthern ſigns, and that it interſects the 
equator at the points marked Y and =, In 
our ſimmer, the ſun's apparent motion is 
through the ſix northern, and in winter 
through the ſix ſouthern ſigns; yet the ſun 
is 186 d. 11 h. 51m, in paſſing thro' the 
ſix firſt, and only 178 d. 17 h. 58 m. in 
paſſing through the ſix laſt. Their difference 
7d. 17 h. 53 m. is the length of time by 
which our ſummer exceeds the winter. 

42. In fig. 16. ABCD repreſents the 
earth's orbit; S the ſun in one of its foci : 
when the earth is at B, the ſun appears at 
H in the firſt point of Aries; and whilſt 
the earth moves from B, through C to D, 
the ſun appears to run thro the fix northern 
ſigns, d SAM to « at F. When the 

C 2 earth 
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earth is at D, the ſun appears at F in the 
firſt point of Libra ; and as the earth moves 
from D thro' A to B, the ſun appears to run 
thro the fix ſouthern ſigns, = 7 N x 
to Aries at H. Hence the line F H, drawn 
from the firſt point of V, through the ſun 
at 8, to the firſt point of =, divides the 
ecliptic into two 2 4 parts; but the ſame 
line divides the earth's elliptical orbit ABCD 
into two unequal parts, (the ſun not being 
in the center, but in one of the foci of this 
orbit; ) the greater part BCD, is that 
a the earth deſcribes in ſummer, whilſt 
the ſun appears in the northern ſigns ; the 
leſſer part is DAB, which the earth de- 
ſcribes in winter, whilſt the ſun appears in 
the ſouthern ſigns. C the earth's aphelion, 
where it moves the ſloweſt, is in the greater 
part; A its perihelion, is in the leſſer part, 
where the earth moves ſaſteſt. 


43. The ſun s apparent Amber is greater 
in our winter than in ſummer, cauſed by 
the earth being nearer to the ſun, when in 
its perihelion at A in winter, than it is in 
the ſummer, when in its aphelion at C; 
which is its greateſt diſtance. The ſun's 
1 a apparent 
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apparent diameter in winter is 32 min. 47 
ſec. in ſummer 31 min. 40 ſec. | 

If the mean diſtance of the earth from 
the ſun be called 1000, its eccentricity will 
be 17.; its greateſt diſtance. 1017, and its 
125 diſtance 983. 


9 ſup: perior e 


mo The apparent motions of the ſuperior 
planets agree in many reſpects with thoſe 
of the inferior ones, which have been _ 
OY 8 * 


Mart, Jupiter, and Saturn, 
Are called "ſuperior planets. See fig. 2. 


45. Uf che mean diſtance of the earth 
org the ſun be called 1000, the mean 
diſtance of Mars is 1523, its periodical time 
686 d. 23 h. its eccentricity 141, and it 
turns round its axis in 24 h. 40 min. The 
planet Mars appears much larger and brighter 
when it is in oppoſition to the ſun, than 
when it is in conjunction with him. Mars 
appears gibbous, when it is in quadrature, 
but full and round in conjunction or oppo- 


ſition. | | 
; C 3 46. Ju- 
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46: Jupiter is the largeſt of all the planets, 
ſee fig. 13. he revolves'in 9 h. 56 m. about 
his axis, which is nearly at right angles to 
the plane of his orbit, in which he moves 
about the ſun in ſomewhat” leſs than 12 
years, or 4332 days 12 hours. His mean 
diſtance from the ſun is 9538, and eccen. 
tricity 2 50. Several ſpots have been ſeen 
on Jupiter's ſurface, which appears to be 
ſurrounded by ſeveral belts, or girdles, pa- 
rallel to his equator: theſe vary in breadth 
and diſtance from one another. See fig. 13. 


47. Saturn is the fartheſt of all the planets 
from the ſun; his mean diſtance + 5201, 
eccentricity 1413 he is 29+ years in moving 
through his orbit round the fun, or 10759 
days 7 hours. It is not yet known whether 
Saturn turns round his axis or not; but he 
is attended with a broad thin ring, as repre- 
ſented in fig. 12. The edge of this ring re- 
flects little or none of the ſun's light to us: 
the planes of it reflect the light of the ſun 
in the ſame manner in which the planet 
does. The plane of the ring is inclined to 
the plane of the ecliptic at an angle of about 
31 degrees. If we ſuppoſe the diameter of 
Saturn to be divided into four equal parts, 


the 
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the diameter of the ring will be about nine 
ſuch parts. The diſtance of the inner edge 
of this ring, from the body of the planet, 
is equal to the breadth of the ring. Through 
this ſpace, between the planet and his ring, 
the fixed ftars may ſometimes be ſeen. - 

48. The plane of Saturn's ring is parallel 
to itſelf in erery part of its orbit. If the 
plane of the ring be produced to the ſphere 
of the fixed ſtars, it will cut Saturn's helio- 
centric orbit in two oppoſite points, called the 
nodes of the ring. As Saturn paſles from the 
aſcending to the deſcending node of his ring, 
the northern ſide of the plane of the rin 
is turned towards the ſun; as it moves from 
the deſcending to the aſcending node'of the 
ring, the ſouthern ſide of its plane is to- 
wards the ſun. When Saturn's ring appears 
elliptical, as in fig. 12. the parts about its 
longeſt axis reaching beyond the planet's 
diſc, are called arn/e,” which a little before 
and after the diſappearance of the ring, are 
unequal in magnitude. When Saturn is in 
the heliocentric place of either of the nodes 
of his ring, its plane produced paſſes.thro? 
the ſun, and then the ring 1 invifblo 
to us. & 

0 4 Te 
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The ſuperior planets are | ſometimes in 
conjunction with the ſun, ſometimes in qua- 
— and ſometimes in oppoſition. © 
49. When the earth is in ſuch a tation, 
this a line drawn from a+ ſuperior planet to 
the earth becomes a tangent to the earth's 
orbit, the ſuperjor planet appears ſtationary. 
If the earth be at a or g, fig. 10. or 11. and 
the planet at I; Ig, and 1a, are tangents to 
the earth's orbit; i in which places the planet 
ſeems to ſtand ſtill, or to have no geocen- 
tric motion, 
50. When a ſuperior TOY fig. Io. is 
moving from one of its apparent ſtations A, 
through its conjunction D to G, its n 
tric motion is direct. | 
Fig. 10. Whilſt the . is moving from 
a, through d to 8, a ſuperior planet at I, 
appears to move in ADG, the concave 
ſphere of the heavens, from A, through its 


conjunction D, to its other ſtation G; whence © 
its apparent motion ſeen from the earth is 


direct, or in conſequentia, which is from 
welt to caſt, according * order of the 
ins. 

1. Obſerye in 6g. 1 10. that one end a | 
of the line a 1A, drawn from the earth at 


— * 4 : a, 
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a, through the planet's place at I, to the 
concave ſtarry ſphere A DG, attends the 
carth, as it moves through abedefg; and 
the middle of it is ſappoſed to turn round 
upon the planet as a center at I, the other 
end A will then mark out the planet's ap- 
parent motion in the heavens. 80 that the 
arch ABC DEF G, will be that which the 
planet appears to deſcribe; andi therefore 
the order of the letters amn its motion 
in conſeguentias. 

52. When a ſaperiar clans. is * 
from one ſtation to the other thro” the oppo- 
ſition, its geocentric motion is retrograde. 

As the earth is paſſing from g. fig. 11% 
through k to a, the planet at 1 appears to 
move from G, through K its oppoſition, to 
A; in this caſe, the apparent motion of the 
planet at I, ſeen from the earth, is retro- 
grade, or in antecedentia, that i is, from eaſt 
to weſt, or contrary to the order of the 
ſigns. If the end g of the line gIG, fig. 11. 
attends the earth through gmlknha, and 
the middle of this line turns round upon 
the planet at I, the other end G will de- 
ſcribe the arch GMLKNHA, which is 
contrary to the order of the letters in fig. 10. 
and therefore retrograde, 


£2. The 
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- 53. The time of the retrogreſſion of Mars 
s about 3 months; of Jupiter, 4 months ; 
and of Saturn, 4. months. 
The planets viewed through a cope 
are ſtripped of their adventitious rays, and 
appear like circular planes, of a determinate 
magnitude, whoſe diameters may be mea- 
ſured by a micrometer. 
84. The ſuperior planets are ase 
nearer our earth than at other times; whence 
they appear larger or leſs, according to theit 
different diſtances from us. And as they 
are nearer to us than the fixed ſtars, they 
may pals between us and ſome of the ſtars : 
and as they go round the ſun in orbits larger 
than that of the earth, they always turn 
much the greateſt part of their illuminated 
hemiſphere towards the earth, and therefore 
appear at all times round, or full, except 
only Mars, which in the quadratures is a 
little gibbous. 


The ſecondary planets. 


55. Three of the primary planets, viz. 
the Earth, Jupiter, and Saturn, in their 
revolutions round the ſun, are attended with 


leſſer planets, which move round each of 
their 


of the Solar Syſtem. 25 
their reſpective Fim actordin 8 to the 
e 0 * 5 we i 


1 The Bloc, 1 
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41 Moves ound. the earth. in an, orbit, 
whoſe ſemidiameter is about 60 ſermidiames, 
ters of the earth; its eccentricity. 35 of the 
earth's ſemidiameters ; ; the, plane of, the 
earth's orbit, produced to cut the plane of 
the ecliptic, 1 makes an angle with 3 it of about 
[+ degrees, I The x points wherein i it inter ſects 
the ecliptic, are called the moon's nodes z 
theſe noges, "have a flow regreflive motion, 
of 195, 19', 43”, in a year, which carries 
them round the ecliptic, contrary to the or- 
der of the Gigns, in18 years 234 days. The 
moon's pefiodical time is 27.6 d. 7h. 43 m, 
and, her rotation, raund her axis is performed 
in the fame. time, Her eccentricity and i in. 
clination are both variable. The orbit which 
the moon deſcribes round the earth is cl- 
Nptical, the earth being! in one of its foci; 
and when the moon is, at her eateſt dil. 
tance from the earth, or in her higher apſis, 
ſhe i 18 ſaid to be in apogee ; 3 and when in 
her lower apſis, or leaſt diſtance, in Perigæo. 


57. When 
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37 When; the moon is at A, fig. 14. 
in conjunction with the ſun at 8, and the 
earth at T, it is called New Moon; and 
when in oppoſition. at E, it is called Full 
Moon. The Fyzigies of the moon is a 
common term to expreſs both its ue 
ton and oppoſition, 7 

58. The moon's aſcending node is called 
the Dragon's Head, and is thus marked c; 
its deſcending node the Dragon's Tail b. 1 

59. A periodical month” contains 27 d. 
7h. 43 m. in which time the moon de- 
ſcribes her orbit; a ſynodical month con- 
tains 29 d. 12 h. 43 m. 3 ſec. which is the 
time that pafſes between one new © or full 
moon, and the next of the ſime name 
which ſucceeds it ; this' is Jonger than a 
periodical month about 2 days 5 houts., 

60. In fig. 15. S repreſents the ſun, AB 
part 'of the earth's orbit, ML repreſents. 2 
diameter of the moon's orbit, when the 
earth is at C; and ml another diameter, 
parallel to ML of the ſame orbit, when 
the earth is removed to D. Wilt the earth 
is at C, and the moon at L, in conjunction 
with the ſun, as the earth moves from C 
to D, and the moon's orbit moves with it, 


— 5 
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the diameter ML will then be in the po- 
ſition ml; fo that when the moon has de- 
ſcribed its orbit it will be at 1 but then the 
ſun being at 8, the moon will not yet be in 
conjunction; therefore the periodical month 
is completed before the ſynodical, and be- 
fore the moon can come into conjunction 
with the ſun. When the earth is at D, 
ſhe muſt move from | to e, in the diameter 
ge; whence, beſides going round her or- 
bit, ſhe muſt deſcribe the are le, conſe- 
quently the ſynodical is longer than the 
periodical month by the 1 of the 
arc 10e 19% 
61. We do not ſee Aden the con- 
junction, but at the Wm her mm 
diſe is enlightened. | co 
In fig. 14. a T b ee 
earth's orbit, 8 the ſan, T the earth, ACE G 
the moon's orbit. If the moon is at A, it 
will be on the ſame fide of the earth with 
the ſun, or in conjunction; and the ſun will 
then be beyond the moon: therefore the 
ſun does not ſhine on that hemiſphere of 
the moon towards us; e to dur ber 
whole diſe muſt be ede Dur 


TSS; 
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62. When 
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62. When the moon is at E, it will be 
in oppoſition, and the carth hetween it and 
the fun; conſequently that hemiſphere which | 
is viſible to us, will be the ſame hemiſphere 
upon which the ſun ſhines,; therefore her 
whole diſc towards us will be anlightcacd 
. the moon will be full. 


63. Fig. 14. The moon's diſc is half 
enlightened when the is near the quadra- 
tures at C or G, her apparent diſtance 
from the ſun at 8 being then 90 degrees: 
when the moon is between the conjunction 
at A, and either of the quadratures G or C, 
the illuminated part of it appears horned, 
as at H and B. When between the full at 
E, and the quadratures G or C, the diſc 
appears gibbous, as at D and F. When 
the moon is at A, it is new; as ſhe moves 
from A to C, it is faid to be in the firſt 
quarter; from C to E, in the ſecond quar- 
ter; from thence to G, in the third quar- 
ter; and from G to A again, in the laſt 
quarter. 

Aſter the new moon, her horns are 
turned towards the eaſt, and before new 
moon towards the weſt; and when ſhe is 
horned, that part of her diſc upon which 

the 
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the ſun does not ſhine, has yet light enough 
to make it. faintly viſible. 

The ſame fide of the moon is always 
turned towards the earth, and her ſurface 
is not ſmooth, but uneven and mountainous, 
as may be ſeen with the aſſiſtance of a te · 
leſcope, either in the firſt or laſt quarter. 


The ſatellites of Jupiter and Saturn. 


64. The diſtance of - Jupiter's innermoſt 
ſatellite from his center is 5. 667 ſemidia- 
meters of the planet; the ſecond, 9.017 ; 
the third, 14.384; and the fourth, 25 299 
ſemidiameters. A 

The periodical time of | Jupiter's firſt 
ſatellite is 1d. 18 h. 27 m. 34 ſec. The 
ſecond is 3 d. 13 h. 13 m. 42 ſec. The 
third is 7 d. 3 h. 42 m. 36 ſec. And the 
fourth is 16 d. 16 h. 32 m. g ſec. 
565. The plane of the orbit of every ſe- 

condary planet is parallel to itſelf in every 
part of the orbit of its primary. The orbits 
of all Jupiter's ſatellites are nearly, but not 
exactly, in the ſame plane; which pro- 
duced makes an angle with the orbit of 
Jupiter of about 3 degrees; the ſecond de- 
viates a little from the reſt. 122 

66. A 
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\ 66. A ſatellite in one of its nodes appears 
in the orbit of its primary: in all other 
parts of its orbit it has latitude. 

If the plane of any circle produced paſſes 
through the eye, it appears to be a ſtraight 
line; conſequently every circle, viewed ob- 
liquely, will appear elliptical ; fo that 

When a fatellite is in its node, at the 
fame time that its primary's heliocentric 
place is in the fame degree of che ecliptic 
with it, and the earth in its geocentric node; 
at that time the orbit of the ſatellite appears 
a ſtraight line. When the primary is in any 
other part of his orbit, the ſatellite's orbit 
will appear an ellipſis, whoſe ſhorteſt axis 
increaſes in proportion as the primary is 
farther diſtant from the ſatellite's node. 

The orbit of the earth is ſo ſmall, when 
compared to thoſe of Jupiter and Saturn, 
that in whatever part of her orbit ſhe may 
happen to be, when either of theſe planets 
are in the nodes of their ſatellites, theſe laſt 
will appear to deſcribe lines very nearly 
ſtraight. 

When a ſatellite is in that ſemicircle 
which-is fartheſt from the earth, its geo- 
" centric motion is direct; when it is in that 

s neareſt 


of the Solar Syſtem. 33 


neareſt to the earth, its geocentric motion is 
retrograde. 

Any fatellite is at its "oreateſt clongation 
from its primary, when a line, ſuppoſed to 
be drawn from the earth through the ſa- 
rellite, is a tangent to the ſatellite's orbit. 

In fig. 17. Ba C repreſents a. part of 

Jupiter's orbit, N A LM, the earth's orbit, 
S the fun, DG F H the orbit of Jupiter 8 
outermoſt ſatellite. When the earth is at 
A, and the ſatellite at E or D, in the 
tangent line A E or A D, then this fatellite, 
ſeen from the earth at A, will appear at a 
greater diſtance from the primary, than it 
can do in any other ſituation. 
68. Every ſatellite appears in conjunction 
with its primary, when it is between the 
earth and its primary; and alſo, when the 
primary is between the earth and ſatellite; 
the firſt is called its inferior, the *. its ſu- 
perior conjunction. 


The apparent motion of r Le is 
direct, as it paſſes from D, fig. 17. its greateſt 
elongation, through P, its ſuperior con- 
junction, to E, its greateſt elongation on the 
other ſide; its geocentric motion ſeen from 
the catth at A, being then from weſt to 

| 8 IIS 
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eaſt, in conſequentia, or according to the 
order of the ſigns. | 

Any ſatellite's apparent motion is retro- 
grade, as it paſſes from E, its greateſt 
elongation on one fide of its primary, thro 
H, the inferior conjunction, to D, its greateſt 
elongation on the other ſide ; it is therefore 
plain, that its motion ſeen from the earth | 
at A, is from eaſt to welt, in antecedentia, 
or contrary to the order of the ſigns. | 

69. The ſatellites are ſeen ſometimes to 
the weſt, and ſometimes to the eaſt of their 
reſpective primaries : they cannot be ſern 
in their ſuperior conjunction, and are ſel- 
dom diſtinguiſhed from their E924 in 
their inferior conjunction. 

70. The diſtance of Saturn's innermoſt 
fatellite from the center of the primary, is 
1, 93 ſemidiameters of the ring, the ſecond 

2,47, the third 3,47, the fourth 8,00, and || 
the diſtance of the fifth 2 3,45 —— | 
of the ring. | 
The periodical time of Serum s inner- 
moſt ſatellite is 1 d. 21 h. 18 m. 27 ſec. 
The ſecond, 2 d. 17 h. 41 m, 22 ſec, The | 
third, 4d. 12 h. 25 m. 12 ſec. The fourth, 
8 22 h. 41 m. > ſec, And the fi$h 
fatellite's 
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ſatellite's periodical time is 79 d. 7 h. 
48 m. 

71. The ſatellites of Jopiter and Saturn 
caſt a ſhadow upon their primary, which 
may be ſeen to paſs over the diſc of the 
planet like a ſpot ; they alſo frequently fall 
into the ſhadow of their primaries, and are 
eclipſed ; which may be obſerved by the 
help of a teleſcope. 

72. Fig. 12, 13. repreſent the different 
magnitudes of the primary: and ſecondary 
planets, with the proportion which they 
bear to each other, and to a globe of twelve 
inches diameter, which is II: to re- 
preſent the fun. 


The parallax of the heavenly bodies 


73. Is the change of their apparent places, 
when viewed from different ſtations. 

The diurnal parallax is the change of the 
apparent place of a fixed ſtar or planet, or 
of any celeſtial body, ariſing from its being 
viewed on the ſurface, or from the center 
of the earth. The fixed ſtars have no diur- 
nal parallax, the moon a conſiderable one : 
that of the planets is greater or leſs, accord- 


ing to their diſtances. 
D 2 74, In 
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74. In fig. 18. JA K repreſents the earth, 
T its center, AB the ſenſible, T L the 
real horizon of a ſpectator upon the earth 


at A, M the moon, 8 the ſun, both in the 


ſenſible horizon: if ſeen from A, they will 
appear in the horizon at B; but if ſeen 
from T, the center of the earth, they would 
appear amongſt the fixed ſtars at C and D; 
that is, the moon would appear in the line 
TMD, and the ſun in the line TSC: 
theſe are called their true places; the arch 
BC is called the ſun's parallax, and BD 
that of the moon. The angles BSC, and 
BMD, are called the parallactic angles, 
which are reſpectively equal to the angles 
AST, and AMT; under which, AT, a 
ſemidiameter of the earth paſſing thro' A, 
the place of the. ſpectator, would appear, 
if {cen from the ſun or moon, 


75. If a planet 'is above the horizon at 
E, its true place ſeen from T, the center 
of the earth is at F, its apparent place at G, 
and its parallax is FG. Hence it is plain, 
that the higher the planet is elevated above 
the horizon, the leſs is its parallax ; and 
when it is directly over the head of the 


ſpectator at I, it will have no parallax at 
all; 
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all ; its apparent place in the heavens being 
Z, whether it be ſeen from A or T. It is 
obſervable, that the apparent place G, of a 
planet at E, ſeen from the earth at A, is 
always lower or farther from the zenith Z, 
than F, its true place ſeen from T, except 
when the planet is vertical, or at H; fo that 
the horizontal parallax is greateſt of all. 

76. The diurnal parallax of a planet in 
a vertical circle cauſes one of right aſcen- 
ſion and declination, unleſs it be on the 
meridian, when there is only a parallax of 
declination : it alſo cauſes a parallax of lon- 
gitude and latitude, unleſs the vertical circle 
is a ſecondary of the ecliptic. ' 


In fig. 18. WL repreſents the horizon, 
VT an arch of the equator, cutting the 
horizon at T; TP the axis of the world, 
and P the celeſtial pole, Z the zenith, ZX 
a vertical circle, R the planet's apparent 
place therein, if ſeen from the earth's ſur- 
face; and Y its apparent place in the ſame 
vertival, if it could be ſeen from the earth's 
center: then RY is its parallax. PRO is 
a ſecondary of the equator, paſſing through 
the planet, and PV Q, another ſecondary 
paſſing through. its apparent place at Y; 
| D 3 whence 
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' whence its declination, ſeen from the cen- 
ter, is OR, and from the ſurface QY; 
the difference N V, between Q and QN, 
is the parallax of declination. When the 
planet is at R, the ſecondary PR O, paſſes 
through the point O of its right aſcenſion 
upon the equator, but the ſecondary P Y Q, 
paſſes thro* V, the planet's apparent place, 
and Q its right aſcenſion upon the equator , 
whence the parallax RV, makes a diffe- 
rence, or parallax, QO, in right aſcenſion, 

77. If a, be the apparent place of a planet 
upon the meridian Z VW, when ſeen from 
the ſurface, and b, when viewed from the 
center of the earth, a b is its diurnal paral- 
lax in a vertical circle ZW to the horizon; 
but this ſame circle is alſo a ſecondary to 
the equator, whence there can be no pa- 

allax of right aſcenſion, 

Now ſuppoſe P the pole of VT, which 
is now called an arch of the ecliptic cut- 
ting the horizon WL in T, ZX a vertical 
circle, let R be the planet's parallax, 
PRO a ſecondary of the ecliptic paſting 
through the planet, when ſeen at R from 
the ſurface of the earth; P Y Q another 

| | ſecondary, 
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ſecondary, paſſing through it, if it could 
be viewed from the earth's center, ſo as to 
appear at Y ; whenat R, its latitude is R O, 
when at V, its latitude is QT, the diffe- 
rence NY, is the parallax of latitude. 

78. When the planet appears at Rin PRO, 
the ſecondary of the ecliptic, the point O 
is its longitude from the firſt point of Aries; 
but when at Y in the ſecondary PYQ, 
Q is the point of its longitude; whence 
the difference QO is the parallax of lon- 
gitude. 

But if the planet be in a vertical circle 
Z W, which paſſes through P, the pole of 
the ecliptic, it can only have a parallax of 
latitude, and none -of longitude. Let ab 
be the parallax of” latitude; whence from 
either ſtation, a b will be its parallax of lati- 
tude; and as there can paſs but one ſe- 
condary through both, there can be no 
parallax of longitude. 

The annual parallax of any heavenly body 
ariſes from its being ſeen from the earth, 
when it is in different parts of its orbit. 


D 4 The 
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| The refraction of the atmoſphere. 


79. If a ray of light enters a tranſparent, 
medium obliquely, it does not paſs ſtraight 
on, but is bent at the point at which it en- 
ters: this bending is called refraction. 

In fig. 19. AC repreſents the ſurface of 
the earth, T its center, BP a part of the 
atmoſphere, H E K the ſphere of the fixed 
ſtars, AF the ſenſible horizon, G a planet, 
GD a ray of light proceeding from G to 
D, where it enters our atmoſphere, and is 
refracted towards the line DT, which is 
perpendicular to the ſurface of the atmo- 
ſphere; and as the upper air is rarer than 
that near the earth, the ray is continually 
entering a denſer medium, and is every |, 
moment bent towards T, which cauſes it 
to deſcribe a curve, as DA, and to enter a 
ſpectator's eye at A, as if it came from E, 
a point above G. And as an object always 
appears in that line in which it enters the 
eye, the planet will appear at E, higher 
than its true place, and frequently above 
the horizon AF, when its true place is 
below it at G. 
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The greateſt refraction is when the planet, 
&c. is ſeen in the horizon, being 33 min. 
When its altitude is 20 deg. the refraction 
is 2 m. 14ſec: at 40 deg. of altitude it is 
58 ſec: at 60 deg. of altitude it is 29 ſec, 
and ſo becomes inſenſible, as the altitude 
increaſes, | * 


Solar and lunar eclipſes. 


80. An eclipſe is a deficiency of light in 
the heavenly bodies. In an eclipſe of the ſun, 
its light is-intercepted from the fight of the 
inhabitants of any part of the earth, by the 
moon paſſing between them and the ſun ; 
and as its diſc is either partly, or wholly 
covered, it is called a partial or total eclipſe. 

An eclipſe of the moon is cauſed by her 
paſſing through the ſhadow of the earth, 
whereby ſhe is deprived of the ſun's light. 

The ſun can never be eclipſed but at the 
time of New Moon ; neither can there be 
an eclipſe of the moon, but at the time of 
the Full Moon; In the firſt caſe, the New 
Moon muſt be within 18 degrees, in the 


laſt, the Full Moon within 12 degrees, of 


one of her nodes, 


Theſe 


4 
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Theſe luminarics are not eclipſed every 
New and Full Moon, becauſe the moon's 
not in the plane of the ecliptic, 

in Notion the ſun and earth always are. 
Hence the moon's latitude is " oftentimes ſo 


much increaſed | at the time of the New 
Moon, that her ſhadow does not touch the 
earth; and at the time of Full Moon, the 
as frequently paſſes by the earth's. ſhadow 
without entering into. it: but when the 
moon's latitude is incohſiderahle, which 
only happens when ſhe is within the limits 


| above mentioned, . ſhe. then appears r 


in or near the ecliptic, 


Let HG, fig. 20. repreſent * 
the moon EF, the plane of the ecliptic, 
in which the center of the earth's {badow 
always moves; N, the node of the moon's 
orbit ; A, B, aA D, repreſen ts. four places 


of the carth's ſhadow i in the ecliptic : when 


her ſhadow is at A, and the moon paſſing 
by 3 at I, ſhe will not enter into the {hadow ; ; 
but When the Full Moon is nearer to the 
node at K, only part of her globe paſſes 
through” the ſhadow B, and that part be- 
comes dark: this is called a partial cclipſe. 
Wes the Full Moon is at M, the enters 
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into the ſhadow-C; in paſſing © through 
it, ſhe becomes wholly darkened at L, and 
leaves the ſhadow at O. This is called a 
total eclipſe: and when the moon's center 
paſſes through that of the ſhadow, which 
can only happen at the very time ſhe is. 18 
the node at N, it is called a eentral eclipſe,” 
We have not yet mentioned the atmo- 
ſphere, | which requires our conſideration, 
while we are treating of lunar eclipſes; for 
the ſhadow of the earth does not reach the 
moon. In fig. 21. T repreſents the earth, 
BCD Bgf its atmoſphere,” A B. AB, 
rays proceeding from the ſun at 8, touching 
the atmoſphere at B and B; theſe go 
ſtraight on, and terminate the ſhadow of the 
atmoſphere at H. The moon is conſtantiy 
enlightened by the ſun's rays until ſhe en- 
ters this ſhadow, when ſhe becomes fainter, 
as ſhe continues to move between A5 H 
barges e . 04 
The rays which enter the \atmaſphete 
obliquely, are / refrated, and bent into 
curves that touch the earth; all the light 
between yr <b> mme by che 
earth; 
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earth; and the rays CE, DE, terminate 
the earth. s ſhadow. * 

Tbe light between Ff, * AB, is re- 
Frafted by the atmoſphere, and diffuſed be- 
tween CE, and AB, and continued beyond 

E, the point of the earth's ſhadow : whence 
it is plain, that the light proceeding from 
the ſun becomes . continually weaker, the 
farther it is from the earth; fo that the 
ſhadow of the atmoſphere is but a weak 
light, and therefore the; moon is viſible 
in an eclipſe. | 

The ſhadow « ahe 3 is coni- 
55 becauſe the diameter of the ſun is greater 
than that of the earth. This cone does not 
reach ſo far as the planet Mars: but the 
diameter of the ſhadow, in the place where 
it cuts the moon's orbit, is not 4th * than 
the earth's diameter. 

A ſolar eclipſe happens, when the New 
Moon is in or near the node. In fig. 22. 
.S. repreſents the ſun, M the moon, her 
ſhadow falling upon. DC, a part of the 
.carth's circumference, ' which is ſurrounded 
by a penumbra, Beyond A and F, the 
earth is illuminated by an entire hemiſphere 
nn of 
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of the ſun. As you move from A to C, 
or from F to D, the light is continually 
diminiſhing; and near C and D, the rays 
come to the earth only — pony 
of the ſun's ſurface. - | ; bad 

This diminiſhed light, which ſurround] 
the/thadine every way, is called the pen- 
umbra. An obſerver at B or E, can only 
ſee half the ſun's diameter, the reſt being 
hidden by the interpoſition of the moon. 
If the obſerver moves from B to C, or 
from E to D, the ſun will be more and 
more withdrawn from his ſight; until it 
becomes wholly inviſible in the ſhadow it» 
ſelf ; whence it is plain, that there may be 
a ſolar eclipſe, although the ſhadow of the 

moon does not touch the earth, if the pen- 
umbra comes to its ſurface. 

When the moon's ſhadow falls upon the 
earth, it is called a total eclipſe of the ſun; 
if the penumbra only reaches the earth, it 
is called a partial eclipſe of the ſun: with 
reſpect to particular places, it is ſaid to be 
total where the ſhadow paſſes; central, 
where the center of the moon covers that 
of the ſun; and partial, where the pen- 
| _—_ 


umbra only goes by, as it is — 


The wider che ſhadow-CD, hg 257 >, 


the longer the ſun will be totally eclipſed, 
and a larger ſpace of the earth will be un- 


der the ſhadow; but its breadth: will vary, 
as the diſtance of the moon from the earth, 
and of the earth from the fun varies: for 
when the earth is in peribelion, and the 
moon in apogee, that is, at its greateſt diſ- 
tance from the earth, the ſhadow of the 


moon does not reach the earth, and the 
moon does not cover the ſun: this is call- 


ed an nad e, as is „ N 
48. 24. 
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The New | 
CELESTIAL GLOBE, 
As Improved and C. onstructed by GEO: NDAMS 
Ju Fle et Street LONDON. 


DESCRIPTION and USE 


or THE: NEW 


CELESTIAL. and Taz a. 
G L O B E. 8. 


KEXK F the periphery of a ſemi- circle be 
1 * turned round its diameter as an 
N axis, it will generate the ſurface of 
a globe or ſphere, and the center. of the 
ſemi-circle will be the center of the globe: 
it therefore follows, that as all the points in 
the circumference of the ſemi-circle, are at 
an equal diſtance from its center, ſo all the 
points of a globe, thus generated, mult be 
the ſame. 


82, Any 
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82. Any ſtraiglit line paſſing thtough the 
center of a globe, being terminated by its 
ſurface, is called a diameter ; and that dia- 
meter about which the globe turns, is called 
its axis; the extremities of which are called 
the poles of the globe. _ 
83. There are two artificial globes. That 
on which the ſurface of the earth is repre- 
ſented, is called the terreſtrial globe. 

84. The other on which the face of the 

ſtarry ſphere is delineated, is called the ce- 
leſtial globe. _ - 

85. In the uſe of the terreſtrial globe; we 
are to conſider ourſelves ſtanding upon ſome 
part of its ſurface; and that its motion re- 
preſents the real diurnal motion of the earth, 
which is from weſt to eaſt. 
86. In the uſe of the celeſtial globe, we are 
| to ſuppoſe ourſelves at the center, and that 
its motion. repreſents the apparent diurnal 
motion of the heavens, which 1 is from caſt 
EE to welt. 
9. Note, The ſtars being delineated upon 
"the convex ſurface of the celeſtial globe, 
we muſt ſuppoſe ourſelves at the center: 
- becauſe under ſuch a ſuppoſition they would 


appear, 
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appear, as they naturally do, in the concave 
ſurface of the heavens. + ; 
88. Several circles are deſcribed upon the 
ſurface of each globe. Thoſe whoſe planes 
paſs through the center of the globe, are 
called great circles ; ſome of which are gra- 
duated into 360 degrees, go of which make 
a quadrant. 

89. Thoſe circles whoſe planes do not 
paſs through the center of the globe, are 
called leſſer circles. 


go. Our new terreſtrial and celeſtial lobes; 
fig. 1, and fig. 2 5. are each of them ſuſpend- 
ed at their poles in a ſtrong braſs circle 
NZ SN, and turn therein upon two 
iron pins, which are the axis of the globe. 
They have each a thin braſs ſemi- circle 
N Hs moveable about the poles, with a 
ſmall thin ſliding circle thereon. 

91. On the terreſtrial globe, fig. L. this 
ſemi-circcle NHS is a moveable meridian, 
and its ſmall ſliding circle H, the viſible ho- 
rizon of any particular place to which it is 
bb | 

92. On the celeſtial. globe, fig. 25. this 
ſemi-cirele NHS is a moveable circle of 

E decli- 
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declination, and its fall circte H, an * 
ficial ſun or planet. | 

93. Each globe bath a brafs wins cite; 
TW T, placed at the limits of the crepuſ- 
culum, or or twilight, which, together 'with 
the globe, is ſet in a wooden frame : the up- 
per part BC is covered with a broad paper 
circle, whoſe plane divides the globe into 
two hemiſpheres, and the whole is ſupported 
by a neat pillar and claw, with a magne- 
tic needle in a compaſs box at M. 

94. On our new terreſtrial globe, the 
divifion of the face of the earth into- land 
and water, is accurately laid down from 
the lateſt and beſt aſtronomical, geographi- 
cal, and nautical difcoveries. There ate 
alfo many additional circles, as well as the 
rhomb-lines, for the greater eaſe and conve- 
nience in ſolving all the neceſlary * 


gr” and nantical problems. 
5. On the ſurface of our new edteftiat 


globe, all the ſouthern conſtellations, lately 
obſerved at the Cape of Good-Hope by M. de 
la Caille, and all the ſtars in Mr. Flamſted's 
Britiſh catalogue, are accurately laid down, 
and marked with Greek 'and Roman letters 
of reference, in imitation of Bayer. Upon 

each 
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each ſide of the ecliptic are drawn eight 
parallel circles at the diſtance of one degree 
from each other, including a ſpace of ſix- 
teen degrees, called the zodiac; theſe are 
croſſed at tight angles with ſegments of 
great circles at every fifth degree of the 
ecliptic, for the readier noting the place of 
the moon or any planet upon the globe. 


96. We have alſo inſerted from Ulugh 
Beigh, printed at Oxford, A. D. 1665, the 
manazil al kamer, i. e. the manſions of the 
moon of the Arabian aſtronomers; which 
are ſo called, becauſe they obſerved the 
moon to be in or near one of theſe every 
night, during her monthly courſe round the 
earth, to each of which the Arabian cha- 
racters are affixed. They may be of very 
great uſe to beginners to teach them the 
names of the ſtars, as well as to mariners 
for the ſame purpoſe; who may have occa- 
ſion to obſerve the diſtance of the moon 
from a fixed ſtar, in the new method of 
diſcovering the longitude at ſea. They will 
likewiſe ſerve to ſhew, how the moon paſſes 
from ſtar to ſtar in the courſe of one or 
ſeveral nights, which is a very curious and 


2 amuſement; and as they are a divi- 
E 2 ſion 
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ſion of the heavens different from any thing 
the Greeks were acquainted with, and 
therefore not borrowed from them, and as 
we do not know they were ever inſerted 


on any globe before, we hope we have with 
propriety placed them on our new celeſtial 


globe. See Coſtard's Hiſt. of Aftronomy, p. 40. 


The broad paper circle BC on the 
ſurface of the wooden frame which 
ſupports the braſs meridian 


97. Contains four concentric circular 
ſpaces. The innermoſt of which is di- 
vided into 360 degrees, and numbered in- 
to four quadrants, beginning at the eaſt 
and welt points, and proceeding each way 
to go degrees at the north and fouth 
points; theſe are the four cardinal points 
of the horizon. The ſecond circular 
| contains, at equal diſtances, the 
yes Five points of the mariner's compaſs. 
Another circular ſpace is divided into twelve 
equal parts, repreſenting the twelve ſigns of 
the zodiac; theſe are again ſubdivided into 
30 degrees each, between which are en- 
graved their names and characters. This 


ſpace 
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ſpace. is connected with a fourth, which 
contains the kalendar of months and days; 
each day, on the new eighteen- inch globes, 
being divided into four parts, expreſſing the 
four cardinal points of the day, according to 
the Julian reckoning; by which means the 
ſun's place is very nearly obtained for the 
three common years after biſſextile, and the 
interealary day inſerted without n 
. we deriye the ms 


PROBLEM. 8 0 


To find the ſun's place any Any in the 
year on the fut Paper-c LING 


* Cider whether the year in witch 
you ſeek the fun's place is biste, ot 
the firſt, ſecond, of third year after.” 

99. If it be the firſt year after FTA 
thoſe diviſions, to "which the numbers for 
the days of the month are affixed; are the 
reſpective days for each month of that year 
at noon ; oppoſite to which, in the circle 
of twelve figns; is the ſun's place. 
Ido. 'If i it be the ſecond year, after biſſex- 
tile, . the firſt quarter of a 4 backwards, 


: month 
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month for that year; againſt ie" 28 bes 
fore, is the ſun's place. EN, 
101. If it be the — biſſext 
half a day backwards is the day of the 
month for that year, en to Wich f 
the ſuns place. 

162. If the year u wich vou eek tho 
ſun's place is biſſextile, then three quarters 
of a day backwards is the day of the month 
from the iſt of January to the 28th day 
of February incluſive. The intercalary, 
or 29th day, is three fourths of a day to 
the left hand from the 1ſt of March; and 
the iſt of March itſelf is one quarter of a 
day forward, from the diviſion marked 1 z 


and ſo for every day 1 in the remaining 
of the leap-ycar 3 — each of WII 


is found the ſun's 

In 5585 manner 15 intercalary day is 5 very 
well introduced every fourth year into the 
kalendar, and the un! 8. place very nearly 
obtained . to tl he n reckoning. 
Thus; r . 


11 e. 


A. D. Sum A 2 

17 69. firſt.) year ks biffextile Wong 5 15 
VV 55 06 
1571. third - - * — „ 8 3 40% 55 
1774: biſſektile 1 „ 5% 35 
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One uſe of the broad paper circle is to 
diſtinguiſſi the points of the horizon; in this 
caſe it repreſents the rational horizon of any 
particular place, which is an imaginary great 
cirole in the ſphete of the heavens, dividing 
the . viſible: from the inviſible hemidphere. | 
This is {appoſed to bg, parallel. to a leſſer 
cimle, called the ſenſihle horiaon, . whale 
plane may be conceived:i0 touch the ſurface 
of the globe at that ;place upon which an 
obſerver ſtands, and to terminate Jas light 
when he views the heavens round about. 


The | extapt ef be ep Gble or vidible hori- 
Zon is greater or leſs, as: e dtand * or 
lower. + 
403˙ Ruother dſe Ne hall anke af this 
circle; is to;|repreſent e le of illumina- 
a WR cual hich. age a from 
Af chird uſe to h chin ace le 
applied, is to repreſent. the plane of the 
eciptic. al of wasch hd be Mü 
in their proper places. 
In all poſſtians of theceleſtia globe, this 
broad paper ſurface is the plane af the hori- 
ron; and diſtinguiſſies n 
1 the heav ens. 
8 E " "Now. 
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Note, As this circle | occaſionally repre- 
ſents various great circles of the ſphere, we 
have given it the name of broad- paper circle, 
to prevent the reader from conſidering it as 
an horizon, when it really repreſents: the 
plane of the earth's illuminated diſc, &c. 

The north-ſide of the wooden frame 
ought to be placed directly towards the 
north - ſide of the heavens, which is readily 
done by the mariner compaſs — 


een 


T he long braſs 5 or medi, 
. -.: NZ ESN. 


104. There are two ches in the!brbad t 
wooden circle (art. 97.) upon the plane of 
which the broad paper circle is placed, which 
receive the ſtrong braſs circle: the body of 
the globe, being ſuſpended at two oppoſite 
points in this circle, turns round therein on 
its iron poles, one of which N repreſents the 
north, and the other 8 the ſouth pole. 

105. One ſide of this ſtrong braſs circle 
is graduated into four quadrants, each con- 
tainiig 9o degrees. The numbers on two 
. of theſe quadrants increaſe from the equa- 

220A k 5 tor 
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tor towards the poles ; the numbers on the 
other two r _— poles towards 
the equator. - 

« The ceaſon — two * of the 
te meridian are numbered from the equator, 
te and the other two from the poles, is be- 
e cauſe the firſt of theſe two ſhew the 
« diſtance of any point on the globe from 
te the equator or equinoctial, and the other 
* ſerves to elevate the globe to the latitude 
<« of any place.” 

106; The ſtrong bralscirdle of the celeſtial 
globe is called the meridian, becauſe the 
ſun's center is directly oppoſite thereto at 
10. On the ſtrong braſs circle of our 
new terreſtrial globe, and about 234 de- 
grees on each ſide of the north pole, the 
days of each month are laid down accord 
ing to the ſun's declination. If any day of 
the month is placed in the plane of the 
horizon, it will ſhew the ſun's declination 
for that day upon the other fide of the braſs 
meridian ; and this braſs circle. is ſo con- 
trived, that the globe may be placed in the 
Poſition of a direct or right ſphere, (which 
B, wen the north and ſouth poles are N 


„ Der haun, and Up of the 

in the plane of the broad paper circle) and 
alſo that the ſouth pole may be elevated 
above the plane of the broad paper ſurface, 
with as much cafe as the north pole. A 
circumſtance which we thought not un- 
worthy of our attention in the conſtruQtion 
of our new globes. 

108. The graduated fide of the ſtrong 
braſs circle, encompaſſing our new terreſtrial 
globe, faces the welt ; being moſt agreeable 
to the real diurnal motion of the earth, 
which is from weſt to eaſt. 

x09. But that which ſurrounds the cele. 
ſtial globe, faces the eaſt, as the apparent 
diurnal motion of the heavens f is from caft 
10 weſt. 

110. In all inclinations of Aber globe, 
the north pole ſhould be directed towards 
the north point of the heavens, which the 
mariner 's compaſs at M, placed under each 
of the globes, will enable us to do — 


es er 


The baer cle, * 


111. We uſe no other circle to meaſum 


the” Hours and minutes of time, but the 
equator, 
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equator, upon the ſurface of either globe; 
it net not only the moſt natural, but 
the largeſt circle that can poſfibly be 
applied for that purpoſe. This is done 
by a ſemi- circular wire F placed in the 
plane of the equator, carrying 4W6 indices ; 
one of —— — 
point out the time. 16998 
As the firſt meridian i in our new . 
paſſes through London, it'thetefore becomes 
the XII 6'seck hour cirele; and This falls 
upon the intetſectien of che equator and 
ecliptic at the firſt point of Aries; the 
other XHth hour circle paffes rough the 
oppoſite intetſection at 3 ar "Pang of 
Libra. | 
Remember, when the globe hall be 
hereafter rectiſied for London, or any o- 
ther place, on the ſame meridian... with 
t, that then the graduated; ſide of, the 
ſtrong braſs een is , a inder 
iel. 
It may bares that the Sib wal be tb 
eAified, as chat the two: points of XITo'clock 
will fall in, or, ſo near, the eaft and welt 
ponts of dhe broad paper eitcle, chat neither 
of the horary indioes can he applied thereto), 
lice: | in 


38: 
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in ſuch a caſe either of theſe points them- 
ſelves. will be the horary inden. 
112. The hours and minutes ate graduated 
New the degrees of the 6quator on either 
globe; and ass 
11 . —— the terreſtrial globe 
is from welt to eaſt, the horary numbers 
.increaſe according to the direction of that 
motion. enen een fy e | 
114. The motion of the celeſtial globe 
being- from eaſt to. weſt, the horary num- 
bers increaſe in that direction. 


The thin. braſs 3 N 118. 


11 5. This turns upon the poles of te 
Bt. and may be called a proper or a 
moveable meridian. It is graduated each 
way to go degrees oa ne « to 
eiter _ 

116. To this ſemi-circle on the new ce- 
leſtial globe, fig. 25. is fitted a'fmall thin 
braſs circle H, about half an inch diameter, 
which ſlides from pole to pole; when we 
conſider the ſun's apparent diurnal mption, 
we call it an artificial ſunn. 

117. But to the thin n 
0 the new terreſtrial globe, fig. 1, is fitted a 
ſmall 


— 
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{mall thin circle , about two inches diame- 
ter, that ſlides from pole to pole; which is 
divided into a few of the points of the ma- 
riner's compaſs, and is called a terreſtrial or 
vitble OW 796] 


The braſs quadrant of altitude Z "A 


118. Na chin narrow flexible ſlip of 8 
that will bend to the ſurface of the. globe; it 
has a nut with a fiducial line upon it, which 
may be readily applied to the diviſions on the 
ſtrong braſs meridian of either globe; one 
of its edges is graduated into 90 degrees, 
and continued to 20 degrees below the hori- 
zon. Upon the terreſtrial globe, its uſe is to 
ſhew the diſtance of places; and when ap- 
plied to the celeſtial globe, it ſhews the 
diſtance between two ſtars. If fixed to the 
zenith or pole of the horizon, it ſhews the 
altitude of any point upon the globe, its 
graduations being numbered upwards from 
the horizon to go degrees, and downwards 
to 20 degrees for the depreſſion of any ce- 
leſtial object. It will repreſent any vertical 
circle paſſing through the pole of the hori- 
2zon, in its motion round the zenith point, as 


well as the * vertical, which paſſes 
through 


62) -Deſeriptton and Uſe of the 
through the eaſt and weſt paints of the 
| horizon. Upon both globes it occafionaHy 
thews the diſtance of every N to the 
Len Den. 

119. Note, When we Perak 97 r 
any point or place to the firong braſs meridian, 
We mean that it ſhould be brought to its gra- 
duated fide, which is properly the meridian. 

Ach, when we ſpeak of bringing the moue- 
able meridian, quadrant of altitude, ar any 
other thin flexible circle, to any point or place; 
we mean that their graduated edges ſhould bs 
brought to that point, or place. 


Of the ſeveral circles deſcribed upon 
the ſurface of each globe. 


120, We may imagine as many as we 
pleaſe upon the ſurface of the earth, and 
conceive them to be extended to the ſphere 
of the heavens, marking thereon concentric 
circles. 

121. The planes of all great eircles paſs 
through the center, and divide the globe into 
two equal hemiſpheres: a ſmall circle di- 


vides tn ſarface of a globe into two unequal 
parts ; 5 
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parts; all circles are ſuppoſed to be divided 
into 360 degrees. 

We ſhall begin with the deſcription of 
the equator, this being the moſt eminent 
great * on aher globe. ö 


The equator or equinoQial E 10 


122. ry go degrees diſtant from the 
two poles of the globe; and is ſo called, 
becauſe when the ſun appears to paſs ver- 
tically over this circle, the days and nights 
are of an equal length to all the inhabitants 
of the earth. 

123. The plane of the equator paſſes 
through the middle of the globe at right 
angles to the polar axis. | 

On our new globes it is graduated into 
360 degrees ; upon the terreſtrial globe, the 
numbers increaſe from the meridian. of 
London weſtward, and proceed quite round 
to 360. 

124. They are alſo numbered from the 
ſame meridian eaſtward by an upper row 
of figures, for the caſe of thoſe who uſe 
the Engliſh tables of the latitude and longi- 
kude of places. | 


125. On 


— 
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a 125. On our new- celeſtial globes the 
equatorial degrees are numbered from the 
firſt point of Aries eaſtward, to 360 de- 
grees. 

126. Cloſe te the 8 on either 
globe, is graduated a circle of hours and 


minutes. 


127 On the celeſtial globe, the Thai in- 
creaſe eaſtward from Aries to XII at Libra, 
where they begin again in the ſame direc- 
tion, and proceed to XII at Aries. ; 
| 128. But the horary numbers under the 
of the terreſtrial globe, increaſe by 
twice twelve hours weſtward, from the 
meridian of London, to the ſame again. 
129. In every poſition of the globe, ex- 
cept that of a parallel ſphere, the plane of 
the equator cuts the eaſtern and weſtern 
points of the broad paper circle, when con- 
fidered either as an horizon, the ecliptic, or 
circle of illumination. 
And as the globe is turned about, it al- 
5 ways keeps to one point of the ſtrong braſs 
circle, i in which, as hath been obſerved, the 
degr&s are numbered both ways from the 
equator, that the diſtance of latitude north 
or ſouth of any point on the ſurface of 
MY a: 7 
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the globe may be more eaſily. computed. 
| Whence atiſes the following 


| PROBLEM . 
To find the latitude of a place. 


130. Bring the place to the graduated ſide 
of the ſtrong braſs meridian ; the degree it 
then cuts ſhews its diſtances from the equa- 
tor, which on the terreſtrial globe is called 
latitude. .” 

Thus London has Ir dep. 32 min. of 
north latitude; Conſtantinople, 41 deg. of 
north latitude; Quebec, in Canada, 46 deg. 
55 min. of north latitude; and the Cape of 
Good en 34 _ ſouth latitude. 


PROBLEM II. 


To aud all thoſe places which have 
the ſame latitude with any given 


e x 


131. Suppoſe the given place London ; 
turn the globe round, and all thoſe places 
which paſs under the ſame point of the ſtrong 
bod meridian, are in the ſame latitude. 

* F PROBLEM 


To find the ** of latitude 
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PROBLEM IV. 


between any two places, 

132. Suppoſe London and Rome, find 

the latitude of each place by prob. ii. art. 
130. Their difference is the anſwer. 


PROBLEM V. 


To find the declination of the Kin. 


133. Firſt, On either globe for the fun's 


declinatiori, find his place in the ecliptic by 


prob. i. art. 98, &c. Then bring that point of 


the ecliptic line upon the globe under the 


ſtrong braſs meridian, and the degree which 
it cuts is the ſun's declination for that day. 
Or, 

Upon the terreſtrial globe, that parallel 
which paſles through the point of the eclip- 


tic anſwering to the day of the month, 
will ſhew the ſun's declination, counting 


the nutnber of parallels from the equator, 


Alf, 


On 
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On the celeſtial globe, ſeek the day of the 
month cloſe under. the ecliptic line itſelf, 
againſt which is the ſun's place ; bring that 
point under the ſtrong braſs meridian, and 
the degree that ſtands over it is the ſun's de- 
clination for that day. Thus on the 234 of 
May the ſun's declination will be about 20 
deg. 10 min. and upon the 23d of Auguſt it 
will be 11 deg. 13 min, 


For the declination of any Rar. 


134. Secondly, Bring the ſtar to ths ſtrong 
braſs meridian an the celeſtial globe, and the 
degree it ſtands under is its diſtance. from 
© equator, and this diſtance is called the 
ſtar's declination, which may be either north 
or ſouth, according to the fide of the equa- 
tor on winch the ſtar js ſituated. 

Thus the declination of the ſtar Arcturus, 
marked @ in the conſtellation Bootes, has 
about 20 deg. 30 min. north declination ; 
and that of Syrius in Canis Major, or the 
Dog: ſtar, marked a, has about 16 deg. 30 
min. ſouth declination. 

135. Hence we ſee, that the latitude of 


places on the earth, and the declination of 
N 1 5 the 
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the ſun and ſtars, &c. in the heavens, have 


but one idea, 'the meaning of which is no 
more than their diſtance (either of places on 
the terreſtrial, or of the luminaries in the 
celeſtial ſpheres) from the equator, 

The declination- of a fixed ſtar always 
continues the ſame; but that of the fun, 
moon, and planets, varies. 

136. Thoſe ſtars, whoſe declinations are 
equal to the latitude of any place upon the 
earth, are called correſpondents to that place; 
and paſs once in every 24 hours vertically to 
the inhabitants of ſuch latitude : that is, thoſe 
ſtars appear in their zenith, or are directly 
over their heads. Hence the e 


PROBLEM VI. 


To find what ſtars paſs over or nearly 
over the zenith of any place. 


137. Find the latitude of the place by 
prob. ii. art. 98. upon the terreſtrial globe, 
which is the diſtance of that place from the 
equator; then turning the celeſtial globe, 
all thoſe ſtars which paſs under the ſtrong 
braſs meridian at the ſame diſtance from the 
equator, will paſs directly over the heads 

of 
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of thoſe” inhabitants, and therefore become. 
celeſtial correſpondents to all thoſe Who live 
under the fame parallel of latitude. 

Thus the ſtar marked y of the ſecond 
magnitude i in the head of the'dragon' i is 51 
deg. 32 min. diſtant from the celeſtial 
equator, ſo alſo is London at the ſame diſ- 
tance from the terreſtrial equator: therefore 
the declination of "this ſtar is equal to the 
latitude of London, and — na it be- 
comes our celeſtial Cotreſpondent. 


The ftar marked a of the ſecond magni- 
tude in Perſeus's fide, called Algenib, paſſes 
over the zenith of thoſs inhabitants in France 
who live 14 min. of one degree ſouth of 
Paris; it alſo paſſes nearly over the zenith 
of St. George's Bay in Newfoundland. 


_ Celeſtial and terreſtrial meridians 


. 138. Are great circles drawn upon the 
globes from one pole to the other, and 
croſſing the equator at right angles. Upon 
our new terreſtrial globe there are twenty- 
four of theſe meridians, which are alſo hour- 
circles,” being 15 degrees from each other. 
Thus 15 degrees on the equator is equal to 
24 F 3 one 
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one hour, and cach fingle degree equalto four 
minutes of time. Only four meridians which 


are alſo called colures, are drawn upon the 
ſurface of the celeſtial globe. 

139. There are no places on "IM 

of the earth, or ſpaces in the apparent ſphere 

of the heavens, through which, meridians 
may not be conceived to paſs; conſequent- 
ly all points on the terreſtrial or celeſtial 
ſpheres have their meridians. So that they 
only (properly ſpeaking) live under the ſame 
meridian, that are under the ſame unn 
on the ſame ſide of the poles. 
This variety of meridians on the globes is 
ſupplied by the thin braſs ſemi-circle, which 
being moveable about the poles, may be ſet 
to every individual point of the equator. 
Whence we call it o moveable meridian, 
art. 11 5. 

140. All thoſe ER of great N chat 
are drawn from pole to pole, are the meri- 
dians of thoſe places through which they 
paſs, and being perpendicular to the plane 
of the equator, are called ſecondaries thereto. 

141. One of theſe meridians on our new 
terreſtrial globe paſſes through London, and 
is called a firſt meridian ; becauſe from that 


Cuhlial and Torreflrial Globes. 71 
point which is marked Y, where it crofles 
the equator, the degrees of longitude, as well 
as the hours and minutes of time, begin. 
Ihe oppalite meridian to this croſſes the 
 greatPacifick Ocean, and paſſes through the 

firſt point of 1 marked upon the 
globe. 

This noddis i is * — at 
pole, and its numbers increaſe from the 
equator each way to the pole. One parti- 
cular uſe to which it may be applied, and 
for which it was at firſt deſigned, is to ſolve 
ſome of the caſes in ſpherical trigonometry 
_ caſe and propriety, nale 

Some geographers make their fk merj- 
dian paſs through the iſle of Fer, or Ferro. 

I 


PROBLEM vun. 
| To find the longitude of a place. 


142. The longitude of any place is that 
or degree upon the equator, which is 
croſſed by the meridian of that place, fed 
ed from a firſt meridian, 
Bring the moveable meridian to the place, 
and that degree on the equator which it cuts, 
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is its longitude from London, in degrees, 
and minutes, or that hour and minute is its 
longitude expreſſed in time. 

Or if we bring the place to che ſtrong 
braſs meridian, that will cut the equator in 
the longitude as before. 

Thus Boſton in New n is about 
70F degrees weſt of London; Cape 
Comorin in the Eaſt Indies 2829. weſt 
of London; or the longitude of the firſt 
place expreſſed in time is 4 h. 42 min. of 
the ſecond 18 h. 48 min. 5 
143. The method of reckoning longitude 
always weſtward from the firſt meridian is 
moſt natural, becauſe it is agreeable to the 
real motion of the earth; 

But the common method is to reckon it 
half round the globe eaſtward, and the other 
half weſtward from the firſt meridian, end- 
ing either way at. 180 degrees. "IT 

Thus Cape Comorin is 78 degrees caſt 
of London. 

Note, The numbers neareſt the equator 
8 weſtward from the meridian of 
London quite round the globe to 360, 
over which another ſet of numbers is en- 


grayed, which increaſe the contrary way. by 
which 
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which means the longitude may be reckoned 
upon the equator eitfier eaſt or weſt. 

144. It is mid-day or noon. to all places 
in the ſame meridian at the ſame time. 
Thus London, Oran, Cape Coaſt-caſtle 
in the Mediterranean, and Muhdfort of the 
Gold-coaſt, have their non nearly at the 
ſame time; Boſton in New England about 
4 h. 42 min. later; n en ante 
18 h. 48 min. later. n 3,049 0 
145. The difference ofilobgitudsioffen 
two places, is the quantity of an angle at the 
pole made by the meridians of thoſe-placesz 
e angle is mn en the e 


To expres this angle upon the 
globe Fa 


146. Bring the moveable — — 
of the places, and the other place under the 
ſtrong braſs circle, they then contain the 
required angle; ; the meaſare or quantity of 
which is the number of degrees counted 
on the equator between Sf two 


mecidiage, 


2 


—— 


PROBLEM 
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bairua Inn 


"PROBLEM. vn. 


To Gu! what places have e, 
or the ſun, upon their meridian, 


at 1 the day in 
ay place propoſed. | 


%%. Firſt, Let the hour propoſed be X 
o clock in the morning at London. 

As the real diurnal motion of the earth, 
ber repeemsd by the 36-6796 can 
Wee 

—— tothe fda y fend. 
. meridian muſt neceſſarily paſs by the 
ſun, before the meridian of any otker place 
to the weſtward of chat particular meridian 
can arrive at it. 


148. And therefore as the firſt meridian 
on our new terreſtrial globe paſſes through 
London, if the propoſed Place be London, 
as in this caſe, bring the given hour, which 
is placed on our globes, to the eaſt of Lon- 
don if it be in the morning, but to the weſt 
of London if it be in the afternoon, to the 
graduated fide of the ſtrong braſs meridian; 
and all thoſe places which lie directiy under 
E | It, 


75 
it, have noon; or the ſun, upon their _ 

dian, when | it is X o'clock at London. 
Thus having brought the Xth hour 1 

the equator to the eaſtward of Terre 


der the divided fide of ' the Ong Hes 
meridian, it will be found to paſs over che 


Celeſtial and Terreſtriai Glhbur. 


eaſtern fide of Lapland, and the eaſtern ex- 
tremity of the gulf of Finland, Peterſburgh 
in Ruſſia, to croſs 'a part of Moldavia” and 
the Black Sea, thence it paſſes over a part of 
Turky, and goes between the iſlands of 
Candia and Cyprus in the Meditetranean 
thence ovet the middle of Egypt through 
the eaſtern fide of Africa, and acrods the bay 
of Lorenzo; all which places have the fag 
on their meridian when it is N o clock in 
the morning at London. 
1409. Secondly, Let the hodr prope fd 
IV eee 2 
in Jamaica. * 4 7 
Bring Port-Royal in Jacndics wile bom 
dials sti key and ſet the horary index to 
that XII which is moſt elevated ; then turn 
the globe from weſt to eaſt, until the horary 
index points to IV o'clock, and the ſtrong 
braſs meridian- will paſs over the weſtern 
ide of the iſle Paſares in the Pacific Ocean, 


and 
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and the eaſtern ſide of the iſle La Meſſa, 
thence it croſſes the equator, and paſſes 
nearly oyer the iſlands Mendoca and Domi- 
nica, . which places have the ſun on their 
— when it is IV o'clock in the after- 
noon at Port-Royal in Jamaica. | 
150. Thirdly, Let the propoſed hour his 
30 min. paſt Vo clock in the morning at 
ape Paſaro in the iſland of Sicily. | 
20 Bring Cape Paſaro to the ſtrong braſs me- 
ridian, or the horary index to that XII 
which is moſt elevated, and turn the globe 
weſtward;” becauſe the propoſed time is in 
the morning, till the horaty index points to 
5 h. 30 min. and you'll find the ſtrong braſs 
meridian to paſs over the middle of Siberia, 
Chineſe Tartary, the kingdom of China, 
Canton in China, the middle of the iſland 
of Barneo, &c. at all which places it is noon; 
(they having the ſun upon their meridian at 
the ſame time) when it is half an hour paſt 
V clock in the ns at min Palaro | in 
Fly. ITN 
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PROBLEM Ix. | 
To find what hour it is at any place 


Propoſed when it is noon at _— 
given place. 


151. Bring the propoſed place under the 
ſtrong braſs meridian, and ſet the horary in- 
dex to XII, then turning the globe, bring 
the given place to the meridian, and the hour 
required will be ſhewn by the horary index 
upon the equator. If the propoſed place be 
to. the eaſtward of the given place, the 
anſwer will be afternoon ; but if to the weſt» 
ward of it, the anſwer is before non. 
Thus when it is noon at London, it is 49 
minutes paſt XII at Rome, and 32 minutes 
paſt VII in the evening at Canton in China, 
and alſo 15 minutes paſt VII o'clock in the 
morning at Quebec in Canada, and this 
at one and the fame inſtant of time. | 


PROBLEM 
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PROBLEM X. 
At any given time of the day in the 
place where you are, to find the 
hour at any other place propoſed. 


1352. Bring the propoſed place under the 
ſtrong braſs meridian, and ſet the horary in- 
dex to the given time; then tutn the globe 
till the place where you are is under the 
braſs meridian, and the horary index will 
point to the hour and minute required. 
Thus ſuppoſe we are at London at IX 
o'clock in the morning, what time of the day 
is it then at Canton in China? Anſwer, 31 
minutes paſt IV in the afternoon. 
Alſo, when it is IX in the evening at 
London, it is about 15 minutes paſt IV 
oclock in the afternoon at Quebec in Ca- 
ada. 
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PROBLEM XI. 3 


The latitude and longitude « of airy 
place being known, to find thar 
place upon the globe; or if it be 
not inſerted, to find its place, and 
fix the center of the artificial 


horizon thereon. 


153. The latitude of Smyrna in Afia is 
38 deg. 28 min. north, its longitude 27 
deg. 30 min. eaſt of London. 


Bring 27 deg. 30 min. on the equator 
counted eaftward of our firſt meridian to 
the ſtrong braſs circle, and under 38 deg. 28 
min. on the north ſide of the equator, you 
will find Smyrna. 

The latitude of Cape 1 in Peru is 
1 deg. 2 min. ſouth, and longitude 80 deg. 
17 min. weſt of London: this place is not 
inſerted upon the globe. Therefore bring 
the ban! edge of the moveable meridian 
to 80 deg. 17 min. counted weſtward on 
the equator, and ſlide the diameter of the 
artificial horizon to 1 deg. 2 min. ſouth ; 
and its — rn 


r 
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that point of the globe, where the Cape of 
Lorenzo ought to have been placed. 

The four laſt problems depend entirely 
on the knowledge of the longitude and dif- 
ference of lon gitude of plies. 


The ecliptic BE. 


154. Is that graduated circle which croſſes 
the equator in an angle of about 23+ de- 
grees ; and this angle is called the obliquity 
of the ecliptic. 


This circle is divided into 12 equal parts, 
wks of which contains 30 degrees ; the be- 
of each 12th part is marked with 


. * uſual characters, which with their names 


are as follow: 


0 I 2 2 5 6 
Aries, Taurus, Gemini, * Leo, Virgo, Libra, 
—M, 52S IT. S A m 1 

10 


Kg ne cn Aquarius, Piſces 
e _ 7 - X 


-- 17 


By ö [theſe the [elves 8 6 are repreſented 
upon the terreſtrial globe. Upon our — 
leſtial globe, juſt under the ecliptic, the 


. and days of each month, are gra- 
duated, 
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duated, for the ready fixing the artificial ſun 
upon its place in the ecliptic. | ; 
The ſun's apparent place is always i in this 
circle; he advances therein every day about 
59 min. 8 ſec. of one degree, and ſeems to 
15 5. Thoſe two points, where the eclip- 
tic croſſes the equator, are called equinoc- 
tial points, and are marked with theſe cha- 
racters Y and = at the beginning of Aries 
and Libra. 
The firſt of theſe is called the vernal, the 
ſecond the autumnal, equinox. 
156. The firſt degree of Cancer and Capri- 
corn is marked with the characters & and 
, which two points are called the ſolſtices; 
the firſt is the ſummer ſolſtice, the ſecond 
that of the winter, to all inhabitants upon 
the north fide of the equator ; but directly 
contrary to thoſe on the ſouth fide of it. 
Although the ecliptic does not properly 
belong to the earth, yet we have placed it 
upon our terreſtrial globe according to an- 
cient cuſtom ; it being uſeful in ſome parti- 
cular caſes; it is chiefly to be * _ 
the celeſtial globe. 
G 1857. The ö 
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157. The longitude of the ſtars and planets 
is reckoned upon the ecliptic ; the numbers 
beginning at the firſt point of aries I, where 
the ecliptic crofles the equator, and increaſing 
according to the order of the ſigns. | 

158. The latitude of the ſtars and planets 
is determined- by their diſtance from the 
ecliptic upon a ſecondary or great circle 
paſſing through its * and e it at 
right angles. 3 

159. Twenty-four of theſe crews likes, 
which croſs the ecliptic at right angles, being 
fifteen degrees from each other, are drawn 
upon the ſurface of our celeſtial globe; 
which being produced both ways, thoſe on 
one fide meet in a point on the northern 
polar circle, and thofe on the other meet in 
a point on the ſouthern polar circle. 

160. The points determined by the meet- 
ing of theſe circles are called the poles of 

the ecliptic, one north, the other ſouth. 

\ 161. The longitude of the ſtars hath been 
obſerved to increafe about a degree in 72 
years, which is 1 n preceſſion of the 


equinox. 
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The celeſtial ſigns and conſtellations 


162. On the ſurface of the celeſtial globe 
are repreſented by a variety of human and 
other figures, to which the ſtars. that are 
either in or near them, are referred, 

The ſeveral ſyſtems of ſtars, which are 
applied to thoſe images, are called conſtel- 
lations. Twelve of theſe are repreſented on 
the ecliptic circle, and extend both north- 
ward and ſouthward from it. So many of 
thoſe ſtars as fall within the limits of 8 de- 
grees on both fides of the ecliptic circle, 
together with ſuch parts of their images as 
are contained within the aforeſaid ' bounds, 
conſtitute a kind of broad hoop, belt, or 
girdle, which is called the zodiac. 

The names and the reſpective characters 
of the twelve ſigns of the ecliptic may be 
learned by inſpection on the ſurface: of the 
broad paper circle; and the conſtellations 
from the globe itſelf. | 

163. The zodiac is repreſented by eight 
circles parallel to the ecliptic, on each fide 


thereof; theſe circles are one degree diſtant 
| G 2 from 
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from each other, ſo that the whole breadtfe 
of the zodiac is 16 degrees. 

164. Amongſt theſe parallels, the latitude 
of the planets is reckoned; and in their ap- 
parent motion they never the limits 
of the zodiac. | 

165. On each fide of the e as was 
obſerved, other conſtellations are diſtinguiſh- 
ed; thoſe on the north ſide are called nor- 
thern, and thoſe on _ fouth- fide .of it, 
ſouthern conſtellations. 

166.” All the ſtars which cb theſe 
conſtellations, are ſuppoſed to increaſe their 
longitude continually ; upon which ſuppo- 
ſition, the whole ſtarry firmament has a flow 
motion from weſt to eaſt; inſomuch that 
the firſt ſtar in the conſtellation of Aries, 
which appeared in the vernal interſection of 
the equator and ecliptic in the time of Meton 
the Athenian, upwards of 1900 years ago, 
is now. removed about 30 degrees from it. 

To repreſent this motion upon the ce- 
leſtial globe, elevate the north pole, ſo that its 
axis may be perpendicular to the plane of 
the broad paper circle, and the equator will 


then be 1 in the ſame me; let theſe repre- 
ſent 
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fent” the ecliptic, and then the poles of the 
globe will alfo repreſent thoſe of the eclip- 
tic; the ecliptic line upon the globe will at 
the ſame time repreſent the equator, inclined 
in an angle of 23+- degrees to the broad 
paper circle, now called the ecliptic, and 
cutting it in- two points, which-are called 
the equinoctial interſections. 

Now if you turn the globe ſlowly round 
upon its axis from eaſt to weſt, while it is 
in this poſition, theſe points of interſection 
will move round the fame way; and the in- 
clination of the circle, which in ſhewing this 
motion repreſents the equinoctial, will nat 
be altered by ſuch a revolution of the inter- 


ſecting or equinoctial points. This motion 
is called the preceſſion of the equinoxes, 


becauſe it carries the equinoctial points back- 
wards amongſt che fixed ſtars. 


The poles of the world ſeem to deſcribe 

a circle from eaſt to weſt, round the poles 
of the ecliptic, ariſing from the preceſſion 
of the equinox. This motion of the poles 
is eaſily repreſented by the above poſition 
of the globe, in which, if the reader 
remembers, the broad paper circle re- 
ms the ecliptic, and the axis of the 
G 3 globe 
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globe being perpendicular thereto repreſents 
the axis of the ecliptic; and the two points, 
where the circular lines meet, deſcribed. in 
art. 159, 160. will now repreſent the poles 
of the world, whence as the globe si ſlowly 
turned from eaſt to weſt, theſe points will 
revolve the ſame way about the poles of the 
globe, which are here ſuppoſed to repreſent 
the poles of the ecliptic. The axis of the 
world may revolve as above, although its 
ſituation with reſpect to the ecliptic be not 
altered; for the points here ſuppoſed to re- 
preſent the poles of the world, will always 
keep the ſame diſtance from the broad paper 
circle, which repreſents the ecliptic in this 
ſituation of the globe #. 
167, From the different degrees of bright- 
neſs in the ſtars, ſome appear to be greater 
than others, or nearer to us : on our celeſtial 
globe, they are diſtinguiſhed into ſeven dif- 
terent magnitudes, 


General phenomena ariſing from the 
earth's diurnal motion. 


168. The daily rotation of the earth about 
its axis is one of the moſt eſſential points 
which 

* RuTHERFORTH's Syſtem of Nat, Phil. vol, II. p. 730, 
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which a beginner ought to have in view; 
for every particular meridian thereon is ſuc- 
ceffively turned towards every point in the 
heavens, and as it were deſcribes circles in 
the celeſtial ſphere, perpendicular to the 
axis of the earth, and parallel to each other; 
by which means the fixed ſtars ſeem to have 
an apparent diurnal motion. 

169. Except thoſe two points in the ſtarry 
firmament, into which the earth's axis, ſup- 
poſed to be ſo far extended, would fall; theſe 
two points are called the celeſtial poles, which 
correſpond. with our terreſtrial north and 
ſouth poles. 


170. We have fo contrived our new globes 
that the real diurnal motion of the earth 
and the apparent diurnal motion of the 
heavens are repreſented by them, art. 85, 86. 
and thence all problems ſolved as readily in 
ſouth as in north latitudes, and in' places on 
or near the equator : by which means we 
are enabled to ſhew, how the viciſſitude of 
days and nights, their various alterations in 
length, the duration of the twilight, &c. are 
really made by the earth's daily motion, 


upon the principles of the * or 
Wann ſyſtem. | 
G 4 In 
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In fig. 26. N QS ¶ repreſent the ap- 
parent concave ſphere of the fixed ſtare, 
n qs æ the globe of the earth, whoſe axis 
ns is ſuppoſed to be extended to N 8, in 
the ſphere of the fixed ſtars; all the ſtars 
ſeem to revolve. upon def two _— 
ne * 00 

If the plane of este equator æ z qcæ 
4 ee to be extended to the ſtarry 
firmament, it will point out the e 
N eue QNX. 

N repreſents the celeſtial, and n the ter- 
reſrial north pole, Sand s the ſouth pole. 


mne of pn declination, tro- 


171. Fig. 26. That circle which any ſtar 
ſeems to deſcribe in twenty-four hours, is 
called its parallel: thus, ſuppoſe a right line 
drawn from C the center of the earth, 
through any point d of its ſurface, and ex- 
tended to D in the ſtarry firmament, - by 
means of the earth's daily rotative motion, 
the extremity D of the line CD will de- 
ſcribe the celeſtial parallel Gx Dx G, cor- 
reſponding to the terreſtrial parallel g d, of 
| M0 the 
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the point d. If D C be ſuppoſed to be ex- 
tended to H, the oppoſite ſide of the ſtarry 
firmament, it will deſcribe. n Parallel 
equal to the former. 

- Thoſe circular lines upon the terreſtrial 
globes, which are deſcribed from the poles, 
on either fide of the equator, are parallel 
to it, and are called parallels of latitude, but 
on the celeſtial globs ** are called parallels 
of declination. | 

There are four beinen; lefler: Bades pa- 
rallel to the equator, which divide the globe 
into five unequal parts called zones; theſe 
are the two tropics, and the two paler c 
circles. 1481 

We have already * that the diſ- 
tance of any parallel from the equator, 
meaſured in the arch of a great circle on the 
terreſtrial ſphere, is its latitude ; and on the 
celeſtial ſphere, its declination, art. 135. 

172. If the fun, moon, a fixed ſtar, or 
planet, is ſituated in any parallel between 
the equator Q fig..26. and the, north 
pole N, it is faid to have north declination ; 
but. if-towards the ſouth goin 8, ouch rr 
n. 


Thus 


% Due hui and Up of U. 
Thus the two parallels GD, and HI, 
have the ſame declination: becauſe they are 
qually diſtant from A Q the equator; the 
firſt hath north, the laſt ſouth declination. 
Hence we muſt obſerve, that a celeſtial 
parallel G X D, and its correſpondent g xd 
upon the earth, are two parallel circles, 
ſimilar elements of a cone, whoſe axis 
is that of the earth, and apex C, the center 
of the earth. Therefore the plane of a ter- 
reſtrial parallel cannot be the ſame with its 
cotreſpondent celeſtial parallel; only the 
plane of the celeſtial equator R Q E, 
is the ſame with that of the terreſtrial æ 2 q. 
becauſe theſe two planes are produced by 
the fame radius CQ perpendicular to the 
axis e 
are ſuppoſed to turn. | 


If by the earth's daily rotative motion, a 
ſtar D-paſſes over the zenith d of any in- 
habitant of the earth, that ſtar is the celeſ- 
tial parallel, which correſponds to the ter- 
reſtrial parallel of the obſerver; for the di- 
ſtance of the celeſtial parallel G D, contains. 
the ſame number of degrees from A Q the 
co_—_— equator, as that of the inhabitant's 


parallel 


5 
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parallel g d does from 4 the terreſtrial 
equator, 

Therefore the meaſure of r 
inhabitants diſtance from the terreſtrial e- 
quator, which is called the latitude of the 
place, is ſimilar and equal in the number of 
degrees, to that fixed ſtar's declination, which 
paſſes over his zenith. _ 

If the inhabitant changes his ſituation 
either north or ſouth, the different declina- 


tions of thoſe ſtars which paſs over his ze- 
nith, at the ſeveral places of his removal, 
will ſhew his advance towards or eels 
from the equator. 

Whence any place upon the earth may 
be repreſented by its correſponding zenith 
point, in the apparent concavity of the ſtarry 
ſphere ; as ſhall be hereafter ſhewn. 

173. Upon our new terreſtrial globe, there 
are twenty-three parallels drawn at the di- 
ſtance of one degree from each other, on 
both ſides the equator z, which, with two 
other parallels at 23+ degrees diſtance, in- 


clude the ecliptic circle; theſe two are called 
the tropics, That on the north ſide of the 
equator is called the tropic of Cancer; and 
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the other, which is on the ſouth ide of it, 

ne tropic of Capricorn. 
174. The ſpace between "theſe two tro- 


pics, which contains about 47 degrees, was 
8 by the ancients, the torrid zone. 


1 _ =_ two. polar gs are placed at the 
| fame diſtance from the poles, that the two 
tropics are from the equator. 


One of theſe is called the — — the 
other the ſouthern polar circle. 


Theſe. include 234 degrees on each ade 
of their reſpective poles, and conſequently 
contain 47 degrees, equal to the number of 
degrees included between the tropics. _ 
175. The ſpace contained within the 
northern polar circle, was by the ancients 
called the north frigid zone, and that within 
the ſouthern polar circle, the ſouth frigid 
N | 6 
176. The ſpaces between either polar 
circle, and its neareſt tropic, which contain 
about 43 degrees each, were called by the 
ancients the two temperate zones. 
177. Whenever any parallel paſſes through 
two. places on the terreſtrial globe, theſe 
- Places have the ſame latitude, | 


Alfo 
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Alſo all thoſe ſtars which are in the ſame 
parallel upon the celeſtial globe, have the 
ſame declination. 


And as the ecliptic i is incliged fo the equa- 
tor in an angle of 234 degrees, and is in- 
cluded between the tropics, every parallel 
in the tortid zone muſt neceſſarily croſs the 
ecliptic in two places; which two points 
ſhew the ſun's place, when he 1 is vertical 
to'the inhabitants of that parallel; and the 
days of the month upon the broad paper 
circle anſwering to thoſe points of the eclip- 
tic, are the days on which the ſun paſſes di- 
rely over their heads at noon, and are 
called their two midſummer days: whence 
the inhabitants of the torrid zone have two 
ſuramers and two winters every year. b 
Hence as the earth's progteſſive, or rather 
apparent annual motion, feems to be in the 
celeſtial ecliptic, the ſun's declination” is 
thereby changed gradually eyery day. There- 
fore on our new terreſtrial globe, as men- 
tioned in art. 173. we have drawn parallels 
thro the whole ſpace of the tortid zone, and 
the two ſpaces within the polar circles, to 
give a general and clear idea of the ſun's ap- 
parent paſſage from one tropic to the other. 
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The colures 


178. Are circular lines drawn on the 
celeſtial globe from pole to pole, (as meri- 
dians are upon the terreſtrial globe) croſſing 
the equator at right angles, and being ſe- 
condaries to it. Art. 140. 

179. The two celeſtial meridians which 
paſs thro' the firſt point of and == making 
together one great circle, are repreſented by 
the circle By K = B, in fig. 26. and are 
called the equinoctial colure. The points 
marked Y and = are called the equinoxes, 
or equinoctial points. 

180. The two celeſtial meridians repre- 
ſented by the circle N ASQN, paſſing 
through the ſolſtitial points (marked & and 
vs) of Cancer and Capricorn, are called the 


ſolſtitial colure. 
I 81. Theſe colures cut each other at 


right angles in the poles of the world, and 
divide the celeſtial equator, ecliptic, and 
zodiac into four equal parts, which points 
2 the four ſeaſons of the year. See 
art. 34 to 41. and art. 18 7 
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The equinoctial colure only. paſſes through 
the poles of the world at n and s. But, 
The ſolſtitial oolure paſſes through the 
poles of the world at n and s, and alſo 
through b poles of the ecliptic at B and K, 
fig. 26. | 

Whence it a in every 1 rota- 
tion of the earth about its axis, that the 
ſolſtitial and equinoctial coloures are twice 
blended with every meridian upon the ſur- 
face of the earth: conſequently, each pole 
of the ecliptic appears to paſs, once every 
day, over all the meridians of the terreſtrial 
ſphere. 

182. All thoſe circular 1 that are, 
or may be ſuppoſed, drawn on the celeſtial 
globe, which paſs through the poles, cutting 
the equator at right angles, are called circles 
of declination; becauſe the declination of 
tdhaſe points or ſtars through which they 
paſs, or the diſtance of thaſe ſtars from the 
equator, is meaſured upon theſe circles: and 
this is-done by bringing the. divided edge of 
the moveable meridian to any ſtar. N 
Hence the thin braſs erage art, 11 f. 
which we call the moveable metidian, is 
al. a moyeable circle of declination, 


Arctic 
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Arctic and antarctic circles, or 
circles of perpetual ien and 


occultation. 


183. The largeſt parallel of latitude on 
the terreſtrial globe, as well as the largeſt 
circle of declination on the celeſtial, that 
appears entire above the horizon of any 
place in north latitude, was called by the 
ancients the arctic circle, or circle of perpe- 
tual apparition. 
Between the arctic circle and the north 
pole in the celeſtial ſphere, are contained 
all thoſe ſtars Which never ſet at that place, 
and ſeem to us, by the rotative motion of 
the earth, to be perpetually carried round 
above our horizon in circles parallel to _ 
equator. 
The largeſt parallel of latitude on the 
terreſtrial, and the largeſt parallel of decli- 
nation on the celeſtial g globe, which is en- 
tirely hid below the horizon of any place, 
were by the ancients called the antarctic 
circle, or circle of perpetual occultation. - 
This circle includes all the ſtars which 
never riſe in that place to an inhabitant 
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of the northern hemiſphere, but are perpe-. 
tually below the horiaon. 

All ar&ic/circles touch their wanne 
the north point, and all antarctie circles 
touch their hotizons in the ſouth point; 
which point, in the terreſtrial andi celeſtial 
ſpheres, is the interſection of the meridian 
and horizon. 

If the Added of the * — * — 
the moſt elevated part either of the arctic 
or antarctic circle, will by in the zenith of 
the place. 

If the pole's os be leſs. than a 
degrees, the zenith point of thoſe: places will 
fall without its arctic or antarCtic circle. If. 
greater, it will fall within. ; 

Therefore the nearer any place is to the 
equator, the leſſer will its arctic and ant- 
arctic circles be; and on the contrary, the 
farther .any_ place is from the equator, the 
greater they are, So that, 

At the poles, the equator may be con- 
fidered as both an arctic and antarctic cir- | 
cle, becauſe its plane is coincident with that 
of the horizon. 

But at the equator (that- is, in a right 


ſphere) there is neither arctic nor * 
circle, 


H They 


They who live under the northern polar 
circle, have the tropic of Cancer for their 
arctic, and that of * for their ant- 
arctic circle. 

And they who tos on either tropic, have 
one of the polar circles for their arctic, and 
the other fot their antarctic, circle. 

Hence, whether theſe circles fall within 
or without the tropics, their diſtance from 
the zenith of any place is ever equal to the 
difference between the pole's elevation, and 
that of the equator * the horizon of 
that place. 5 

From what has bern faid, it is plain, 
there may be as many arctic and antarctic 
circles, as there are individual points upon 
any one meridian, between the north and 
ſouth poles of the earth. | 

184. Many authors have miſtaken theſe 
mutable circles, and have given their names 
to the immutable polar circles, which laſt 
are arctic and antarctic circles, in one parti- 
cular caſe only, as has been ſhewn. 
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The cauſe of the daily change in 
the declination of the ſun. 


1385. Ariſes from the earth's annual mo- 
tion in the ecliptic, the inclination of its 
axis, and its always moving parallel to 
itſelf. | 

Imagine the plane of the earth's orbit 
extended as far as the fixed ſtars, it will 
there mark out the circle S, =, , T, S, 
which we call the celeftial ecliptic ; ſee 
fig. 26. | | 

From this compariſon of the earth's orbit 
with the celeſtial ecliptic, is derived the 
ancient rule to find the ſun's place, if we 
firſt find the earth's place, either by obſer- 
vation or calculation; fix ſigns added to or 
ſubſtraſted from it gives the ſun's true place 
in the ecliptic. - Conſequently it is the ſame 
thing, when we conſider the daily motion 
of the earth about her equatorial axis, re- 
preſented by the terreſtrial globe, whether 
we ſuppoſe the earth, or the ſun, to have 
an annual motion. 

It is alſo the fame thing in the uſe of the 
celeſtial globe, whether we ſuppoſe the 
earth ta turn upon her equatorial axis, or 

| H 2 the 
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the ſtarry ſphere to revolve upon the ex- 
tremities of the fame axis extended to the 
heavens: the reſult in either caſe will be 
the ſame, provided we conceive ourſelves at 
the center of the globe. 


186. We ſhall therefore ſuppoſe the ſun's 
apparent annual motion to be in the plane 
of the celeſtial ecliptic, art. 34 to 41. and 
in his paſſage through it, deſcribing by a ray 
connecting the centers of the earth and ſun, 
a different circle of declination, parallel to 
the equator every day. Whereby all who 
inhabit any of thoſe places on the earth 
which are ſituated between the terreſtria} 
tropic of Cancer repreſented in fig. 26. by 
S, e, and the terreſtrial tropic of Capricorn 
repreſented by h, vs, have the ſun at the 
time he is deſcribing their parallel, in their 
zenith; or directly vertical, or over their 
heads, which happens twice every year. * N 

187. Whence the inhabitants of thoſe 
places, as well as mariners who paſs be- 
tween the tropics, have a correſponding 
zenith point, where their latitude is equal 
to the ſun's parallel of declination, from the 
ſun by day, and from the ſtars by night. 


It 
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It. is eaſily conceived, that if the 
planes of the equator and ecliptic were 
united in one continued plane, à central 
ſolar ray, connecting the centers of the 
earth and. ſun, would by the earth's. diurnal 
motion deſcribe the; equator every day; | 
but, as we have before obſerved, the ſun | 
does apparently deſcribe a different, parallel | 
every day.:.. wherefore the ecliptic and equa- 
tor are igclined to each other in an angle 
confirmed by obſervation of about, 2 3 4 
29 min. Mii erent 7 . 

Let the dene — annual motion * 
repreſented by the circle G, =; Y, S, fig. 
26, which biſects the celeſtial equator 3=Q _ 
E, in the points & and 7; the firſt of 

theſe is called the autumnal, the ſecond 
am equinoctial point. WIV. 
Wher the fan” is in , he appears to 
deſeribe the equator, at which time he has 
no declination; and as he proceeds gra- 
dually from towards ve, his ſouthern 
declination continually increaſes, and he 
deſcribes leſs and leſs parallels, till he 
appears in vs, and doeſcribes ! the tropic 
of Capricorn; being then at his greateſt 
Nin declination, viz. at his greateſt 
H 3 diſtance 
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diſtance from the equator ſoutherly," and 
alſo in the winter ſolſtice. 

In paſling from s to v, his declination 
_ decreaſes, and the parallels he deſcribes 
are greater and greater, until he comes to 
Aries, or the vernal equinox, and again 
Has no declination, deſcribing oo equator 
as before. 

As he advances from thence towards 
G, the declination increaſes, and the pa- 
rallels deſcribed are leſs and leſs, until he 
arrives at S, or the ſummer ſolſtice; being 
then at his: greateſt northern declination, 
deſcribing the tropic of Cancer. 
Thence proceeding forwards towards =, 
the dechnation 'continually decreaſes, and 
the parallels deſcribed increaſe till the ſun's 
arrival at the next ſucceeding autumnal 
equinox; where he again deſcribes the 
equator, having no, declination ; and com- 
_ pleats the length of a mean ſolar tro- 
pical year, containing 365 d. 5 h. 49 
min. 

What we have faid with reſpect to ſum- 
mer and winter ſolſtices, is to be under- 
ſtood with relation to thoſe places which 
lie between the equator and the north pole; 

but 
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but to the places between the equator and 
ſouth pole the contrary happens. 

The two equinoxes are the ſame to all 
the inhabitants of the eartn. 

We have been thus particular in our 
deſcription of the ſun's apparent annual 
motion, for the uſe of beginners ;' and we 
hope this conſideration will plead in our 
behalf, if we ſhould appear tedious or trifling 
to thoſe who are maſters of the ſubject. 


But what has been faid, might yet be 
more clearly illuſtrated by an orrery or a 
tellurian, which ſhews the annual and diur- 
nal motions of the earth, and paralleliſm of 
its axis, &c. and by the different poſi- 
tions of the earth's axis, with reſpe& to her 
enlightened diſe, will make it appear to the 
eye as it is really underſtood by aſtronomers; 
and then e may with more ern Wee 
to the uſe of the globe itſelf. 


To ſupply the want of a tellurian 


183, Deſcribe a circle A BCD, fig. ”Y 
with chalk upon the floor, as large as the 
room will admit of, that the globe may; be 
moved round upon it: divide this circle 

H 4 into 


_ ww 
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into twelve parts, and mark them with the 


characters of the twelve ſigns, as they are 


engtaved in fig. 8. or upon the broad pa- 


per circle; placing S at the north, v8 at 


the ſouth, 1. in the; caſt, and, = in; the 


welt: the mariner's compals under the 


globe will direct the ſituation of... theſe 


points, if the variation wy the e 
needle be attended to. D 
Note, At London the variation is be- 
tween 20 and 21 een from the north 
weſtward. & 51 

Elevate the * pole of the globe, ſo 
that 66+ degrees on the ſtrong braſs-meri- 
dian may coincide with the ſurface of the 
broad paper circle, and this circle will then 
repreſent the plane of the eclipse as men- 
tioned, jn article 103. 1 

Set a ſmall table or a | ſtool over thi cen- 
ter of the chalked circle to repreſent the 
ſun, and place the terreſtrial globe upon its 
circumference over the point marked ys, 
with the north pole facing the imaginary 
ſun, and the north end of the needle point- 
ing to the variation: this is the poſition of 
the earth with reſpect to the ſun at the time 
of the ſummer ſolſtice about the 21ſt of June: 


and 
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and the earth's axis, by this rectifleation of 
the globe, is inelined to the plane of the 
large chalked circle, as well as to the plane 
of the broad paper circle; in an angle of 232 
degrees; a line or ſtring paſſing from the 
globe, will; repreſent a central ſolar ray con- 
necting the centers of the carth and ſun: this 
ray will; fall upon the firſt point of Cancer, 
and deſcribe that circle, ſhewing it to be the 
ſun's place upon the terreſtrial ecliptic, which 
is the ſame. as if the ſyn's place, by extend- 
ing the, ſtring, was referred to the oppoſite 
fide of the chalked cirele, here n 
the earth's, path in the heavens. 2 
If we conceive a plane to paſs theoujth 
the axis of the globe, it will alſo paſs through 
the ſun's center, and the poino of Cancer 
and Capricorn in the terreſtrial and celeſtial 
ecliptic ; the central ſolar ray in this poſi- 
tion of the, earth is alſo ia that plane; this 
can never happen but. at * tien oft, the | 

ſolſtice. r 
If another plane be ens to 0 
through the center of the globe at right 
angles to the central ſolar ray, it will divide 
the globe into two 1 that next 
the 


106 Deſcription and Uſe of the 


the center of the chalked circle will repre- 
ſent the earth's illuminated diſc, the con- 
trary fide of the ſame plane will at the ſame 
time ſhew the obſcure hemiſphere. | 
The intelligent reader, for the uſe of his 
1 pupils, may realize this ſecond plane by cut- 
ting away a ſemicircle from a ſheet of card 
paſte-board, with a radius of about 1 tenth 
of an inch greater than that of the globe 
itſelf; if this plane be applied to 66 de- 
grees upon the ſtrong braſs meridian, it will 
be in the pole of the ecliptic ; and in every 
ſituation of the globe round the circum- 
ference of the chalked circle, it will afford 

a lively and laſting idea of the annual and 
diurnal motion of the earth, of the various 
phænomena ariſing from the paralleliſm of 
the earth's axis, and in particular the daily 
change of the ſun's declination, and the 
parallels thereby deſcribed. 

Let the globe be removed from vs to =, 
and the needle pointing to the variation as 
before will preſerve the paralleliſm of the 
earth's axis; then it will be plain, that the 
ſtring or central ſolar ray will fall upon the 
firſt point of Leo, fix ſigns diſtant from, but 
* to the ſign æ, upon which the globe 

ſtands : 
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ſtands : the central ſolar ray will now de- 
ſcribe the 2oth parallel of north declination, 
which will be about the 23d of July. 

If the globe be moved in this manner 
from point to point round the circumference 
of the chalked circle, and care be taken at 
every removal that the north end of the 
magnetic needle, when, ſettled, points to 
the degree of the variation, the north pole 
of the globe will be obſerved to recede from 
the line connecting the centers of the earth 
and ſun, until the globe is placed upon 
the point Cancer : after which, it will at 
every removal tend more and more to- 
wards the faid line, till it comes to N 


corn again. 


PROBLEM XII. 


To rectify either globe to the lati- 
tude and horizon of any place. | 


189. If the 8 be in north latitude, 
raiſe the north pole; if in ſouth latitude, 
raiſe the ſouth pole, until the degree of the 
given latitude, reckoned on the ſtrong braſs 
meridian under the elevated pole, cuts the 
plane of the broad paper circle; then this 
circle 


- 


reg -Deſtription- and Ups of the 
circle will — 4 the 8 of K 


place. 1 1 40 (01% * (de 
$4 1H "ID 


To egi <A che ſun 8 Place. 


1 90. After the former re&ification, bring 
the degrees of the ſun s place in the ecliptic 
line upon the globe to the ſtrong braſs 
meridian, and ſet the horary der to that 
XIIch hour upon” the” FOE, Which is 
moſt elevated. n 


191. Or, if the ns place i is to be 
retained, to anſwer various copcluſions, 
bring the graduated edge 0 the move- 
able meridian to the degree. « of the ſun's 
place in the ecliptic, upon the celeſtial 
| globe, and ſlide the wire which croſſes the 
ti center of the artificial ſun thereto : then 
| bring its center, which i is the interſection of 


the kforkſaid wire;)and graduated eũge of the 
moveable meridian, under the: ſtrong braſs 
meridian as before, and ſet the horary index 
to::that 1 _—_ wy; 11175 renal 
elevated. Wt log £9700 By 
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To rectify for the zenith of any 


place. | 


1 "rt 


I 62, \ After the firſt redtification, ſerew chi 
nut of the quadrant of altitude fo many, de- 
grees from the equator, ' reckoned on the 
ſtrong braſs meridian towards the elevated 
pole, as that pole 1 is raiſed above. the plane 
of the broad paper circle, and, that point 
will repreſent the zenith of the place. 

Note, The zenith and nadir are the poles 
of the horizon, the former being a point 
directly oyet our heads, and the latter, one 
directly under our feet. 

193. If you are doubtſul Aether the 
proper point of the braſs mgridian is cor- 
rectly cut, when ſet by the eye, apply a card 
cut in the ſhape of fig. 29. to the place, flat | 
upon the broad paper 9 and it will be 
truly adjuſted.“ | 

If, when the globe is in. | this date, we "rot 
on the oppoſite ſide, the plane of the ho- 
rizon will cut the ſtrong. braſs. meridian at 
the complement of the latitude, which is 
alſo the elevation of the equator above 
the horizon, 

PRO B- 


* See the advertiſement at the wi of the preface. 
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PROBLEM XIII. 


To find the moon's mean place upon 
the celeſtial globe, her age and 


day of the month being known. 


194. The moon increaſes her longitude 
in the ecliptic every day about 13 deg. 10 
min. by which means ſhe croſſes the meri- 
dian of any place about 50 minutes later 
than ſhe did the preceding day. 

Thus if her place be in the 12th degree 
of Taurus any day at noon, it will be 25 
deg. 10 min. in Taurus on the FORE 
noon, 

It is new moon when the fun and moon 
have the fame longitude, or are in or neat 
the fame point of the ecliptic. 

When they have oppoſite longitudes, or 
are in oppoſite points of the ecliptic, it is 
full moon. Art. 56 to 64. 

- To perform this problem tolerably near 
the truth, without having recourſe to an 
ephemeris, which may not always be at 
hand, 

Find the day of the new moon next pre- 
ceding the given day of the month in any 

common 
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common  almanack, the number of days 
elapſed is the moon's age. 

The equator on our new celeſtial globe 
is divided by large dots into 29+ equal parts, 
each of which is directed by a ſhort dotted: 
line, to anumber marked in Roman figures, 
expreſſing the ſeveral days of the moon's 


age. 


The rule. 


195. Elevate the north pole of the ce- 
leſtial globe to go degrees, and then the 
equator will be in the plane of, and coincide 
with the broad paper circle; bring the firſt 
point of Aries, marked Y on the globe, 
to the day of the new moon on the ſaid 
broad paper circle, which 4nſwers to the 
ſun's place for that day ; and the day of the 
moon's age will ſtand againſt the ſign and 
degree of the moon's mean place ; to which 
ſet the artificial moon upon the ecliptic on 
the globe. 

But if you are provided with an ephe- 
meris , that will give the moon's latitude 
and place in the ecliptic ; firſt note her place 
in 2 the ecliptic * the globe, and then 

counting 


The Nautical Almanack is the beſt Euglih Ephe- 
meris extant. 
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counting ſo many degrees amongſt the pa- 
rallels in the zodiac, either above or below- 
the ecliptic, as her latitude is north or ſouth 
upon the given day, and that will be the 
point which repreſents the true place of the 
moon for that . to which ee the 
i artificial moon. 3 


196. Note, The artificial moon is a ſmall 
thin piece of braſs in form of a creſcent, 
having two holes a and b, fig. 28. through 
which a ſmall ſtring of filk twiſt is put, that 
It may flip backwards or forwards upon it. 


To one end c of this filk ſtring is tied a 
ſmall piece of braſs dec with three e holes, 
at dec. 


The manner _ hing it upon che globe 
is this: firſt put the creſcent. a b, on the 
ſtring; and the piece of braſs, by paſſing 
the ſtring through the two holes d, e, the 
ſtring being as yet left free. The two ends 
of the ſtring being looſe, paſs the end F 
round the north pole of the globe; in a 
groove made for that - purpoſe, and tie it. 
into a looſe loop like F g, then put the other 
end of the ſtring, G c round the ſouth pole, 
and tie it faſt to the hole at c: then by pull- 
ing the piece dec upwards, the ſtring may 
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bo Ughtned on any part of the globe, and 
puſhing it downwards will ſlacken it, that 
it may be removed to "ay other Place, and 


"a gr again. 
PROBLEM XIV. 


To. repreſent the apparent al 
motion of the ſun, moon, and 
Naka, F the © celeſtial Th. 


424 ¹ö 2 


by —— 1. art. wy and to that point on 
the ecliptic line Which is drawn upon the 
globe, ſet the center of the artificial ſun. Alſo, 
Find the moon's place by problem xiii. 

art. 194. and ſet the center of _ artificial 
moon upon it. 

Rectify the globe to the latitude; ſun's 
place, and-zenith, by problem xii. art. 15g, 
190, and 192. . 

The globe being turned round its axis. 
ftom eaſt to weſt, will repreſent the: appa- 
rent motion of the ſun, moon, and ſtars, for 
that day. 

198. When the center of the artificial 


ſon is in the plane of the horizon on the 
I caſtern 


— eo f- 4. 
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plane of the horizon on the 


ſtar's amplitude. 
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7 5 ſide, the N index ſhews- pan 
the equatar the time of 


fun ring. 

199. All those ſtars which are when in che 
eaſtern fide, are 
at the ſame inſtant of time riſing with the 
ſun, and thoſe on; the; weſtern ſide of the 


horizon, are then ſetting. 


Their diſtance from the true eaſt or weſt 
points -of the aaa is en or 

200. And when ahe « center as — arti- 
ficial -mogp comes to the horizon on the 
eaſtern fide, the horary NIE to 
the hour and minute of her riſing. 

And thoſe ſtars on the eaſtern + 
horizon are then riſing; with her, whilſt at 
the fame time all the' ſtars, ya 
weſtern edge, are ſetting. | 


201. That degree aud minute of ithe 
under which is cut by the plane of the 
horizon, at the ſame time that the center of 
the artificial ſun, moon, or any ſtar, is alſo 
cut by the faid plane, is the very point of 
the equator, which riſes with either of them, 
and is called the ſun, moon, or ſtar's oblique 
aſcenſion, 


202. As 
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202, As the ſun aſcends in the heavens 
till it culminates, or-comes under the 
duated f ide of the ſtrong braſs meridian, the 
horary mr will ſucceflively point to the 
hours before noon; but when it is under 
it, the horary index boints at XII 0 clock, 
and that degree and minute on the equator, 
which is then cut by the btaſs meridian, is 
called the fun's rig ht aſcenſion, that is, its 
diſtinge from the ft po int of Aries, reck- 
oned in degrees, mints, &c. upon the 
equator, . 0, | 

203. At the fine "45 that — * of 
the braſs meridian, which is directly over 
the artificial ſun, 18 his declination, art, 1 1133s 
for that day. 5 
| The ſame is to be obſerved of the moon 
or any ſtar, as they aſcend in the heavens, 
till they culminate or come under the meri- 
dian, the horary index conſtantly pointing 
to the hour of the day or night; their 
right aſcenſion and declination are alſo 
ſheun in the ſame manner as wer of the 


ſun. 


204. Whilſt the ſun deſcends om the 

' meridian weſtward, the horary index ſuc- 
ceſſively ſhews the hours after noon, | 

ö | 1 2 L447 4 A © d 


* 
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And when the center of the artificial ſun 
is in the plane of the horizon on the weſtern 
fide, the horary index ſhews the time of ſun 
ſetting ; ; and that point of the equator which 
is then cut by the plane of the horizon, is 


the point which ſets with the ſun, and i is 
5 called his oblique deſcenſion. 


205. The number of degrees on the 
equator contained between the points of his 
oblique aſcenſion, and right aſcenſion, or 
between the points of his right aſcenſion 
and oblique. deſcenſion, is called his aſcen- 
ſional difference. 


Obſerve the fame with reſpect to the 
moon or any ſtar: as they deſcend from the 
meridian weſtward, the horary index will 
ſucceſſively ſhew the time of their arrival at 
any given point, their ſetting, oblique de- 

ſcenſion and aſcenſional difference, in the 

4 ſame manner as before deſcribed in 1 relation 

to the ſun. 

J The riſing, culminating, ſetting, &c. of 
any planet may be obtained, if the place of 
the planet, its longitude. and latitude being 
taken from an ephemeris, be aſcertained ; 
and an artificial planet ſet thereto, in the 
manner in which 1 we have directed the arti- 

ficial 
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ficial moon to be placed upon the globe, art. 
196. or this laſt may occaſionally repreſent 
a planet. 

Thus, on the 18th day of June, A. D. 
1769 new ſtile, being the firſt year after - 
biſſextile, the ſun's place will be u, 27 deg. 
22 min. the moon's place 7, 18 deg. o min, 
her latitude north o deg. 30 min. The full 
moon about +. of an hour paſt VIII. o clock 
in the morning; to which places, if the ar- 
tificial ſun and moon be ſet, a beginner may 
readily exerciſe himſelf in finding the pro- 
per anſwers agreeable. to theſe data, by the 
directions in this problema. "AF 


St of altitude, 


206. The globe remaining rectified as in 
the laſt problem, the uppermoſt point repre- 
ſents a point in the heavens directly over our 
heads, which is called the zenith : and as 
the braſs quadrant is moveable abaut its up- 
per end as a center, when that center is 
fixed to the latitude of the place upon the 
ſtrong braſs meridian, it will be in the zenith, 
and the beginning of its graduations will 
coincide with the plane of the broad paper 

I 3 circle, 


To. find the fun" 5 OY at any 
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circle, which in theſe caſes repreſents the 


horizon of the place. 

If the quadrant be moved about the globe, 
its firſt diviſion will deſcribe the horizon 
And, 

At the ſame time, all its intermediate 


diviſions will deſcribe circles parallel to the 


horizon ; the point marked 10 deſcribes a 
parallel of 10 degrees, the point marked 20 
a parallel of 20 degree, and fo of ny other 
point. 

20. Theſe circles parallel to the horizon 
are called parallels of altitude, becauſe they 


ſhew the elevation of the ſun, moon, ſtars, 


or planets, above the Plane of the hori- 
Z on: | 

And the Autan on the quadrant itſelf 
in each caſe repreſent the diſtance of every 
era to the horizon. 


PROBLEM xv. 


given time of the day. 


| 208, Set the center of the artificial ſun ta 
his place in the ecliptic upon the globe; 
and rectify it to the latitude and zenith, by 
problem 
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problem Xii. art. 189, &c. bring the center 
of the artificial ſun under the ſtrong braſs 
meridian, and ſet the hour index to that XII 
which is moſt elevated; turn the globe to 
the given hour, and move the graduated 
edge of the quadrant to the center of the 
artificial ſun; = that degree on the qua- 
draft which is cut by the ſun's center, is 
the ſun's height at that" time. | 

The artificiat fun being brought under 
the ſtrong braſs meridian, 10 the quadrant 


laid apon its center, wilt ſhe w its meridian, | 


or greateſt altitude, for that day. 

If the ſun be in the equator, His greateſt 
or meridian altitude is equal to the elevation 
of the equator, which is always equal to the 
co-latittide of the plate. 


Aud or vertical circles. 


209. An azimuth circle in aſtronomy, is 
the very ſame as 4 circle of poſition in 
geography; they being ſecondaries to the 
horizon, or great circles paſſing through the 
Zenith of any place, and croſſing the hori- 
20n at right angles ; either in the heavens, 
called azimuths; or on the earth, circles of 
poſition, 

I 4 Any 
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Any azimuth. circle may be repreſented 
by the quadrant of altitude, when the cen- 
ter upon which it turns, is ſcrewed to that 
point of the ſtrong braſs meridian, which 
anſwers to the latitude of the place, and the 
place brought into the zenith. | 
_ Suppoſe at London, if you bring he 
divided edge of the quadrant to 10 degrees 
on the inner edge of the broad paper circle, 
it will repreſent an azimuth circle of 10 de- 
grees; if you ſet it to 20, it will repreſent 
an azimuth circle. of 20 degrees; ; and ſo 

of any other. | 

If the quadrant of altitude be ſet to o 
degree, that is either upon the eaſt or weſt 
points of the broad paper circle, it will then 
repreſent that ſecondary to the horizon, or 


azimuthal -circle, which is called the prime 
vertical, 


PROBLEM XVI. 
To find the azimuth of the ſun, or 


* any ſtar. 


210. many the globe to the latitude 
and ſun's place, art. 189, 190. then turn it 
to the given hour, and bring the divided 


edge 
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edge of the quadrant of altitude to the ſun's 


place in the ecliptic, or to the center of 
any ſtar, and it will croſs the horizon at the 


azimuth required. 


The diſtance of that point of the horizon, 
in which the ſun appears to riſe or ſet, 


counted from the prime vertical, art. 209. 
or caſt and weſt points of the horizon, is 
called the ſun's amplitude. 


COROLLARY. 


To find. the, angle of poſition of 


places. 


211. The angle of poſition is that formed 


between the meridian of one of the places, 
and a great circle paſſing through the other 


Rechiy the globe to the .latitude' and 
zenith of one of the places, art. 189, 192. 


bring that place to the ſtrong braſs meri- 
dian, ſet the graduated edge of the quadrant 
to the other place, and the number of de- 
grees contained between it and the ſtrong 


braſs meridian, is the meaſure of the angle 


W Thus, 51 
The 


| 


7 
OY - l a LY 
— — —— — — —b ͤ— — 
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another is 
called a romb-line, paſſing from one to the 


"The angle of 
dian of Cape 
Auguſtine in Florida, is about 82 degrees 
north weſterly ; but the angle of on 
between St. Auguſtine and Cape Clear, is 


only about 46 degrees north eaſterly. 


fitioh between the meri- 


Hence it is plain that the line of bottom, | 
of azimuth, is not the fame from either place 


to the other, as the romb· lines are. 
COROLLARY. 
Fo find the bearing of one place 
from another. 


212. The bearing of one ſea-port from 
determined by a kind of ſpital 


other, ſo as to make equal angles with all 
the meridians it paſſeth by; therefore if 
both places are ſituated on the fame parallel 
of latitude; their bearing is either eaſt or 
weſt from each other; if they are upon the 


ſame meridian, they bear north and ſouth 


from one another; if they lie upon a romb- 
line, their bearing is the fame with it; if 


Clear in Ireland, and St. 


; 


* do not, obſerve to which romb-line the- 


two 


two places are neareſt parallel, and that will 
how the bearing ſought. 


Rom the iſland of © — is nearly 
EN E; and that of Bermudas from the: 


Lizard is WSW, both n lune 
romb, but 1 in e 


A parallel ſphere 


213 1s that poſitiori of thb globe, in which 
the poles are in the zenith and nadir, its axis 
at right angles to the equator and horizon, 
which coincide; and conſequently thoſe 
circles which are parallel to the equator, aro 
alſo patallel to the Horizon. 

The inhabitants of this ſphere, if a 
there be, ruſt live upon the two terreſtrial 
poles, and will have but one day and one 
night throughout the year; and the mobi, 
during half her monthly courſe, will never 
riſe, and during the other half will never 
fet : all the fixed ſtars, viſible to thoſe peo- 
ple, will deſcribe circtes every day paraliel 
to their horizon, Fre” 


A right 


Daf hem and Le of de 
A right ſphere 


214. Is that in which the inhabitants ſee 
both poles in their horizon, the equator 
paſſing through their zenith and nadir, and 
all the circles parallel to the equinoctial per- 
pendicular to their horizon. rin 

Theſe people live upon the terreſtrial 
equator, conſequently- all the heavenly bo- 
dies will always riſe and ſet perpendicularly 
to them; and their days and nights will 
be of an equal length Groughout the year. 


224. 


An oblique ſphere 


215. Hath one of the poles of the globe 
above, the other under the horizon ; the 
equator in all the caſes of this ſphere is half 
above, and half below the —.— and all 
its parallel circles cut the horizon obliquely. 

That arch of any parallel of declination 
in the celeſtial, or of latitude in the ter- 
reſtrial ſphere that is above the horizon, is 
called the diurnal arch. And 

The remaining part of it, which is below 
the horizon, is called the nocturnal arch. 


Theſe 


+. 
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Theſe arches, with reſpect to the ſun's 


apparent motion, determine the e pa 


length of days and nights. 

The inhabitants of this ff phere ; are. ' thoſe 
who live on all parts of the earth, except 
thoſe at the poles and upon the 1 4 


— the evilight, 


"That light which 8 have from * 
7 — it riſes, and after it . u 
twilight. W 
216. The 1 or daybreak, 
begins when. the ſun comes within, x8, de- 
grees of the horizon, and continues till ſun- 
riſing. 

The evening. twilight begins at the time 
of the ſun-ſetting, and continues til; it is 18 
degrees below the horizon. | 
© For this purpoſe on our new Hobes 
wire circle is fixed eighteen degrees below 
the ſurface of the broad paper circle; fo 
that er n eigenen 

All thoſe places which are above the wire 
circle will haye the twilight, but it will be 
dark to all places below it. 
At the time of winter ſolſtice, when the 
Whole ſpace within the northern polar cite 
. is 


 Deferiptin aud Uſe of the 
js vl the ſun's 932 the greater part of 
it enjoys the benefit of -# er be- 
ing only about 55 e 
that will be totally dark. i 
We have bete only conſidered the twj- 
light reflected to us from the an hm) 
- ſphere by the ſun himſelf; beſides which 
the body of the; ſun is always, encompaſſed 
with a ſphere of light, which being of a 
larger circumference than the ſun, muſt 
riſe before him, and ſet after him; which 
conſequently lengthens the twilight by ü- 
minating our air, when the ſun ig depreſſed 
too low to reach it with his own light: 
this ſeems to be the cauſe; why the ſun is 
preceded by a luminous ſegment of a circle 
in the eaſt before his riſing, different from 
that light reflected by the atmoſphere from 
the body of the ſun; the like to which may 
be obſerved j in the yelt after f ſun-ſet, | 


To r rep xeſent the earth s enli FERN 
dif by the terreſtrial globe, 


217. We wo already. ſhewn how tho 
earth's diurnal , motion is repreſented by 
motion of the terreſtrial globe about Ap 
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from welt, to eaſt; and that the horary 
index will point upon the equator the 24 
hours of one diurnal” W ee 
of that time. 

The broad er has, x aiades Wis- 
Ae will be now: employed to re- 
preſent a plane ſuppoſed to pats through che 
center of the earth, perpendicular to a cen- 
tral ſolar ray: or in other words, per 
Aigular to a line ſuppoſed to be drawn from 
the center of the ſun > Gaara oi 
all times of the year. 

In which caſe, the broad wen 
divides that half of the earth's. ſurface, which 
is illuminated by the ſun's rays, from the 
other hemiſphere which is not enlightenod. 
218. That the globe may appear to be 
ſo enlightened, conceive a ſun painted on the 
ceiling of the room in which you are, 
directly over the terreſtrial globe, and of the 
ſame diameter; from whence imagine an 
infinite number of parallel rays falling per- 
pendicularly downwards upon the upper 
ſurface of the globe, which here repreſents 
the illuminated hemiſphere of the earth's 
enlightened. diſc, / 


4 


Whence 
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| Whehice it is plain, that the central ſolar 
ray is the only one which paſſes through 
the centers of the ſun and earth, as well 
as the only ray that can poſſibly be perpert- 
dicular to the earth's ſurface; all other 
ſolar parallel rays will fall more and more 
oblique, as they are farther from the cen- 
tral ray, till their arrival at the edge of the 
enlightened diſc, here repreſented by the 
inner edge of the broad paper circle, where 
they will become parallel to the horizons 
of all 5 then m the ſaid * 
In one Arb! revolution of me kink, 
the central ſolar ray deſcribes the parallel 
of the ſun's declination ; or rather that pa- 
rallel, to the inhabitants of which the ſun 
that day will paſs directly W or over 
their heads. t -4 3} 
From. this agplictticn of. the terreſtrial 
globe, we ſee the natural cauſe of the diffe- 
rent altitudes of the ſun at different times 
of the day, and at different ſeaſons: of the 
year; which ariſe from the earth's ar 
rotative and progreſſive motion, &c. f 


When we view the globe in this ads 
we at once ſee the ſituation of all places in 
9 the 
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the illuminated hemiſphere, whoſe inhabi- 
tants enjoy the. light of the day, while at 
the ſame; time all thoſe places below y the 
broad paper circle, are deprived of the fun;s 
light, and have only twilight ſo far as the 
wire circle, and all below that, have total 


the i 
And by — Un — gets by 
the meridians, drawn on the globe, cutting 
any parallel of latitude at the edge of the 


meridian, we ſee the ſemi-diurnab arches 
continually decreaſe from the elevated pole, 


till they r 


e enlightened Giſe.') - > 4:46 


PROBLEM. XVII [0:45 | 


To rectify the terreſtrial globe; that 
the enlightened half of the earth's 
ſurface may be all above the 


broad paper circle for any time 


of the year; the ſun being ſup- 
poſed in the zenith. 


219. On the backſide of the adag braſs 
meridian, and on each ſide of the north pole, 


darkneſs, when the moon e ane on 


broad paper circle, with the ſtrong braſs 


N 
| 
N 
: 
8 
4 „ 
| 
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Dien, and U of the 
are graduated, in two. —— ny 


months and days of the year. 


Bring the day of the month einde 
with the broad paper circle, tae _ 

trial globe is rectified. 
| When the globe is Wink bebte -thit 
degree and minute upon the (graduated fide 
of the braſs meridian, which is then cut 
by the plane of the broad paper circle, is 
the diſtance of the ſhade of extuberancy 
upon the "earth's: diſe, reckoned” from the 
pole, and is equal to the fan's declihation 
for that day; and is therefore alſo equal to 
the latitude, counted from the equator, of all 
thoſe places to which the ſun is vertical; 
and this point on the braſs meridian repre- 
ſents the central ſolar ray 3 g the 
7 of the day 

If now. the globe be ee fide wil 
to eaſt, all thoſe, places Which arrive at 
the weſtern edge of the broad paper circle, 
are paſſing out of the twilight into the fun's 
I ight; and the ſun then appears Filing to 


all the inhabitants. 
At the ſame time, if you 1 upon the 
eaſtern edge of the broad paper rirele, it 


vill cut all thoſe places Which are then 
* paſſing 
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paſſing from the ſun's light into the twi- 


light; whoſe inhabitants will fee the ſyn 
ſetting, and enjoy the twilight, until they 
arrive at. the wire: circle, © which! is placed 
18 degrees below -the illuminated. diſc, at 
which time they enter into tatal datkneſs. 


The graduated ſide of the ſtrong brats 
mefidian ſhetva, at the ſame time, all thoſe 
places which have mid-day. or non. 


I che horary index be ſet to XII, when | 


any particular place is brought under the 


ſtrong braſs merĩdian, it will thew;/as uu 


turn the globe from weſt to eaſt, the pre- 
ciſe time of min eas Ce. * 


The horary "AR ill allo il how 
an e plies ir tg Sten thai wal to 
the eaſt fide of the illuminated diſe, here 
repteſented by the broad paper circle, and 


therice the length of the day and night; it 


will alſo point out thie length of the twilight, 
by ſhewing the time in Which the place is 
paſſing from the twilight circle to the edge 
of the dite on the weſtern ſide, ot from the 
edge of the diſo to that circle on the eaſtern 


fide q and thereby nn che en | 


its whole artificial day. 2 i220nyp2 
43 K 2 We 


globe will then 
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We ſhall proceed to exemplify theſe par- 
ticulars at the times of- enn and e 


5 RO B L E * XVII. 
The time of equinox. 


220. The ſun has no declination at the 
times of equinox, conſequently there muſt 
be no elevation of the poles. 
Bring the day of the month on ta tuck 
de of the dong braßt circle, in which the 
ſun enters the firſt point of Aries or Libra, 
into the plane of the broad paper circle, 
and then the two poles of the globe will be 
in that plane alſo; and all thoſe circles which 
are parallel to the equator will cut the plane 
of that broad circle at right angles, and the 

If you now turn the globe from weſt to 
eaſt, it will plainly appear, that all places 
upon its furface are twelve hours above the 
which ſhews, that the nights are equal to the 
days to all the inhabitants of the earth; thut 
is, they are illuminated by the fun's rays 
twelve hours: whence theſe are called the 
equinoctial ſeaſons, two of which occur in 

2” 8 ay 
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every year; the firſt is the autymnal, the 
ſecond the vernal, equinox. | | 


At theſe times the ſun appears to riſe and 


ſet at the fame inſtant to all = in the 
ame meridian, | 


But their twilight is linger as their ſitua- 


tion is nearer to either pole; in ſo much 


that within 18 degrees of the poles, their 


twilight is 12 hours, conſequently there is 
no dark night in thoſe places at the times 
of equinox: when at the ſame time thoſe 
places under the equator have only one hour 
and 12 minutes twilight; fo that their arti- 
ficial day is about 14 h. 24 min. at theſe two 
ſeaſons of the year. 


Thus, if London and Mundford. on the 
Gold Coaſt, be brought to the ſtrong braſs 
meridian, the graduated fide of which is in 
this caſe the horary index; (tho in other 
caſes the hour index. is to be ſet to that XII 
which is moſt elevated; if then they be 
brought to the weſt ſide of the broad paper 
circle, the index will point to VI o'clock 
for ſun- riſing, and to VI for ſun-· ſetting, 
when theſe Fe, are wre to the 


eaſtern fide, i 
* # 4% - * * 55 
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Alſo, if London be turned from the weſt 
towards the eaſt, -and the hour index be ſet 
to XII as before, if you turn it till the iſland 


of Jamaica comes to the meridian, it will 


ſhew, on the equator, the hour aſter noon 
at London, when it is noon at Jamaica; or 


that London paſſes under the meridian about 
5 h. '4 before Jamaica arrives at it. 


PROBLEM XIX. 
The ſummer ſolſtice. 


221. Reaify the globe to the extremity 
of the diviſions for the month of June, or 
to 23+ degrees north declination ; then that 
part of the earth's ſurface, which is within 
the northern polar circle, will be all illu- 
minated by the ſun, and the inhabitants 
thereof will have continual day. 

But all that ſpace which is contained 
within the ſouthern polar circle, will be at 
the ſame. time in the ſhade, and __ con- 
tinual night. 

222. In this pöldon of the lobe; we ſee 
how the diurnal arches of the parallels of 
latitude decreaſe, as they are more and more 


diftant from the elevated pole. 
223. If 
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223. If any place be brought under the 
ſtrong braſs meridian, and the horary index 
be ſet: to that XII which is moſt elevated, 
and if that place be brought to the weſtern 
ſide of the broad paper circle, the hour in- 
dex will ſheu / the time of ſunrriſing; and 
when moved to the eaftern edge, the index 
points to the time of ſun · ſetting: the length 
of the day is obtained by the time ſhe wn by 
the horary index, While the globe is turned 
from the weſt to the caſt fide * the illu- 
minated dilc, . 1 

Thus it will be found that at 12 the 
ſun riſes about 1 minutes: before IV in the 
morning, and ſets about 15 minutes after 
VII at night. "8 

At the followin places it wilt be early 
at t the times pe: Fa 5 


zil, near the tropic of 6 42 
Capricorn 
* 3 

the equa 

beak th ſoather- 
1 h point of Cali- 1. 
| farnia, at the propfe | 
1 or Cancer: | 


„ 1 »Deſeription. and Ur of the 


vo —_ ſee, that at the time when the 
ſun riſcs at London, it riſes at the iſland of 
Sicily in the Mediterranean, and at the 
and of Madagaſcar. 

And chat at the e fag. ſets 
at London, it is ſetting at the iſland of Ma- 
deira, and at Cape Horn. | 

And when it is ſun-· ſetting at the iNand 
of Borneo in the Eaſt Indies, the t is 


[Flog Florida in America... 


1 


EI R 0 B L E M + 
Winter ſolſtice. 


224. Rectify the globe to the extremity 
of the diviſions for the month of December, 
ot to 234 degrees ſouth declination, 

At this ſeaſon it will be apparent, that 
the whole ſpace within the ſouthern polar 
Circle is in the ſun's light, and enjoys con- 

tinual day ; whilſt that of the northern po- 

lar circle i is in 'the ſhade, and has continual 

MIR 4 07! (tf 
Then if the globe be ed as before, 
. aha: horary index will ſhew, that at the 
ſeyeral places before mentioned, their days 
will be * r to what their 
nights 


— . 
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nights were at the time. ,of the ſummer 
ſolſtice. | 
It will appear to be »-ſan-ſttiog at .the 
time it was then ſun- riling; and on the con- 
trary, n at the time i then 11 N 
to ſet. | | 


The were horizon, 


228. As has been deſcribed art. 117. is 
a ſmall braſs circle with one diameter that 
paſſes through its center ; its circumference. 
is divided into eight parts, which are marked 
with the initial letters of the mariner's com- 
paſs, the four cardinal points of the horizon. 
being diſtinguiſhed from the reſt ; this may 
be flipped from pole to pole on the move- 
able meridian, and by this means be ſet to 
any place upon the globe. | 
When the center of it is ſet to any par- 
ticular place, the ſituation of any other places 
is ſeen with reſpect to that place; that is, 
whether they be eaſt, weſt, north, or ſouth; 
thus it repreſents the ſenſible horizon, 
It will alſo ſhew, why the fun appears at 
different altitudes and azimuths, although 
ke is ſuppoſed to be always? in the fame place, 


PROBLEM 
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PROBLEM I. 

The ſun's altitnde, as obſerved with 
a terreſtrial or viſible horizon. 


8 The altitude of the fun is greater 
or leſs, according as one of the parallel right 
lines or rays, coming from the ſun to us, is 
farther from, or nearer to, our horizon. 


Apply the terreſtrial horizon to London, 
the ſun being ſuppoſed in the zenith, or on 
the ceiling directly over the globe. | 

If then from London a line paſs verti- 
cally upwards, the ſun will be teen from 
Eondon in that line. 


At ſun-riſing, when Londos | is br ought 
to the weſt edge of the broad paper =_ 
the ſuppoſed line will be parallel to the ter- 
reſtrial horizon, and from London will be 
then ſeen in the horizon. 

As the globe is gradually turned from 
the weſt towards the eaſt, the horizon will. 
recede from the line which paſſes perpen- 
dicularly upwards; for the line in which 
the ſun, was then ſeen, ſeems. to glide far- 
ther and farther from the terreſtrial horizon; 
that i is, the ſun 8 altitude increaſes as gra- 

JA1 dually 


12 
1 
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dually as that line cee the ter- 

When the * * he line which 
goes from London vertically upwards, are 
arrived at the ſtrong braſs meridian, the ſun 
is then at his greateſt or meridian altitude 
for that day; then the line and horizon are 
at the largeſt angle _— make that day 
with each other. | 

After which, the motion of the globe 
being continued, this angle between the ter- 
gelte hotizon and the line, which goes 
from London vertically upwards, continu- 
ally decreaſes, until London arrives at the 
eaſtern edge of the broad paper circle; its 
horizon then becomes vertical again, and 
parallel to the line which goes vertically up- 
wards, and will . in the 2 
and be ſeen to ſet. 0 


PROBLEM XXII. 


The ſun's meridian altitude at three 
different ſeaſons. 


227. Rectify the globe to the time of 
winter ſolſtice, art. 224. and place the center 


of the viſible horizon on London. 
When 


19 IDeſcription-and Ofe of the' 


of the ſtrong braſs meridian, the-line which 
goes vertically upwards, makes an angle of 
about 15 degrees; this is the ſun's meridian 
— Co cane ® (ho! O_o 
London. 

228. If the aa a the time 
of equinox, art. 220. the horizon will be 
farther ſeparated from the line which goes 
vertically upwards, and makes a greater angle 
therewith, it being about 38 degrees; this 
is the ſun's meridian altitude at the time of 
equinox at London. | 

229. Again rectify the globe to the * 
mer ſolſtice, att. 221. and you will find the 
viſible horizon recede farther from the line 
which goes from London vertically upwards; 
and the angle it then makes with the hori- 
zon, is about 62 degrees, which ſhews the 
ſun's meridian altitude at the time of the 
ſummer folftice. 1 77 

Hence es the ee, ahepetical | 
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PROBLEM nn 


4 * 1 ſur? s meridian akinde 
nivel 


& 1.9 8 


230. Ad the fun's Geenen to 085 
elevation of the equator, if thie latitude of 
the place and declination, of "the fur are both 
on the ſame ide. 1 120313 57 #4 1 1 

If on contrary ſides, ſubtract the de 
clination from the elevation gf the equa- 
tar, And nein the. e al. 


bande 5 3X VN At | 


F + - 7: ok o * 75 „„ 5 +4 - 
o : 


has the elevation af the eee 38 Kat 
London 


Sun's declination May 20th" . : "20. #3 
—— 

eir Tum is ſun's $_meri 
ew for 9220 at London * hr 76s 36 
Pe (dad 


Abe. to the clevation of the e 3 25 
at London, - 1 F ' 
Add the ſun's Gelen ena at 


E ae ee £4 23. 29 
Their ſum is the ſun's lt meri⸗ 6 

o_ L 2 at London,. 7 * oF 
WA of | 


ths meg id fu 
1 u s greateſt ind leaſt 
altitude uniyerlally. : Dit 0 


231. Add che tans" ditlination to, and 
ſubtract it from. the elevation of; the 27 


tor. their um nd differenoę Wil 
ns meridi t han. 

2 r = 2 5 bak . 

Th 8 N. anno 0 n a 


jy, to ang * . be een of 3. 
— fora the feri's deck. 85 225 
2201 


4 ſum is the ſun's — 7 9 — ; | 
* tude in ſummer, 1 e aa 


T heir _— his meridian: wen 8 48 


* 28 


— rer, 
baving {> che time e bie not north, 
the other ſoum. 
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The fan's Azimuth compared ed. wih 
N the vihhle DOR ans; h dT 


0.1 38 


3 3 the * as we . 1 
* to be painted on tit cuiling: directly 


Over 
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over the globe, art. 218. and à line going 
vertically upwards towards the fun from any 

| — — the globe: 
If to that place you apply the vifible hort̃- 
. point of it which a verticał line is 
neareſt to at any tithe, fHews the ſun o 4 
niuth at that time : and v H ſt ul ſo ob- 
ſerve, that tliat ptint of the tete ſtrial ot 
vifible (horizon, to which a vertical lme i 
mearell, is always the moſt elevated pomt:.-- 
233. Redify the globe to the poſition of 
a right ſphere, art. 214. and . 
ble hotizon to London. When Londort i 
at che weſtern edge of che broad paper ir- 
ele, which ſituation repreſents the the time 
when the ſun appeats to riſe, the eaſtern 
point of the viſible horizon being then thoſt 
elevated wers that the fun at his riffs 
due eaſt, tiber 1d 9001 
Tum che obe till Londom comes to t 
euſtere]) 6s of the paper circle, then the 
weſtern point of the viſible horizon will be 
moſt elevated, and ew that the ny {et 
Gas wet. ; 4 
If the globe be roified! e 
if on oblique ſphere, art. 215. and Londori 
be 5 to the eaſtern or weſtern ſide of 
L the 


244 = Deſoriptin-anil Uſe if tht 
the broad paper circle, the vertical line will 
depart more ot leſs from the eaſt and weſt 
points: in which caſes the fun is ſaid to 
have more or leſs amplitude either north 
or ſouth, as this departure ee of 
thoſe'two-cardinal points. ren 
As the globe is turned e ee 
time of the day, we ſhall havr the. fan's 
azimuth upon that point of the viſible hori- 
zon Which is moſt elevated; and this will 
be the point wherein a line going towards the 
ſan, is neareſt to a vertical line; thus, if a 
line going towards the ſun, be neareſt the 
ſouth-eaſt point; the ſun is then ſaid. to have 
45 degrees azimuth caſtward, that point 
being 45 degrees from the meridian. Ra 
234. In all poſitions of the globe in north 
latitude, when London is brought to the 
ſtrong braſs meridian, the moſt elevated 
mc the. viſible horizon will always be 
the ſouth point of it, which ſhewys that the 
fun; at all ſeaſons of the year, will appear 
to the ſouth of the terreſtrial horriaon in all 
places included in the northern temperate 
zone; but to the n 
within the ſouthern g zone. 
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2356 The ancient diſtinction of the. 
ces on the earth, ac 


different pla 
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nt to the diverſity of the Tha 
upright bats at noon. 5 2 
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1 PROBLEM XV. 


12 . - 


The aſciiy.or thoſe . on a certain 


day project no ſhade at noon,” 


iz ©. 2011 


q os ReRify:the Lobe by blen ati 


art. 22 1, to the time of the ſummer fo, 
ſtice, and apply the terreſtrial horizon to 


any place ſituated on the tropie of Cancer, 
as Canton in China, and obſerve the ſun's 


meridian altitude with it, by bringing its 
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center under the ſtrong braſs meridian, art. 5 


226. it will then appear that a line going 
vertically upwards, will be perpendicular to 
it, conſequently the ſun will be at that 
time directly over the heads of the inha- 
bitants of Canton, and project no ſhadow ; 


therefore they are aſcii, their noon-ſhadow 


| being directly under them. # 
L At 


7 1 1 - FY CY — 
4 EI 0 #1 * 


1 i * © 


-Difrifeds 460 tj wide: 


| go all other times of the day, their ſha- 
dow is projected, in the morning directly 
weſtward, and * * evening forth: eaſt- 
ward. 
Ihe fame FUL will happen to all the 
inhabitants, who live between the tropic 
of Cancer and that of Capricorn, if the ter- 
reſtrial horizon be gradually removed from 
parallel to parallel within theſe limits, and 
the globe rectiſied according to the day of 
the month as before directed; hy bringing 
the ſenſible horizon to the ſtrong braſs me- 
ridian, to obſerye- the ſun's moan alti- 
tude, we ſhall find him appear to be 90 
degrees high, ar vertical, at npon, to every 
place between the tropics; all the inha- 
bitants being aſcü twice a year, 8 thoſe 
on the tropics e e * aſcii 
only ONCE A —C | aft | 22%! 
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PROBLEM XXVI. 


The biene of all places be- 
tween the tropics of Cancer and 
| Capricorn, are not only aſcii, but 


- amphiſcii, whoſe noon- ſhadows 
are projected ſometimes towards 
the north, at other times towards 
the ſouth, _ 


237. Place the ſenſible horizon oh the 
equator, and rectify the globe to the time 
of the equinox, art. 220. at which time the 
equatorial inhabitants are aſcii at noon, 
having the ſun full eaſt of them all the 
morning, and full weſt all the afternoon. 
The eaſtern point of the ſenſible horizon 
will be always uppermoſt, or moſt elevated, 
as the globe is moved from weſt to eaſt, 
till it comes to the ſtrong braſs meridian ; 
and after it has paſſed this, the weſtern 


point will be moſt elevated. 
The ſenfible horizon remaining on the 


equator, rectify the glode to the time of the 
ſummer ſolſtice, art. 22 f. and you will 


5 L 2 find 
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find the north point at noon will be moſt - 


elevated; which plainly. ſhews, that the 
inhabitants' of the equator will ſee the ſun 
full north at that ſeaſon, and that their 
ſhade Will be projected ſouthwards... _ 

238. If the globe be rectified to the win- 
ter ſolſtice, art. 224. the ſouth point will 


be moſt elevated, and the inhabitants will 


ſee the ſun on their ſouth ſide, which will 
project their ſhadows northwards, 7 


239. Heteroſcii, are thoſe who live be- 
tween the tropics and polar circles, whole 
noon-ſhadows are projectedone way only. 

Thoſe in north latitude haye their noon- 
ſhadows projected northwards; the ſun at 
that time being always in the ſouth. 

And thoſe in ſouth latitude bare Thee 
noon-tide ſhadows projected ſouthwards ; * 
the meridian ſun always appearing. t to. * 
in the north. 

240. Petiſcil are thoſe. who be. within 
the polar circles, the ſun going continually 
round them, their ſhadow muſt 8 
go routid them alſo, . 

If the ſenſible or fla OA be 
applied t to any of theſe places, and the globe 
redified according 3 to the preceding. direc- 
tions, 
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tions, it will ſhew, that the ſun appears » 
be more elevated at one time of the 
than at another; and alſo, which way a 
all times the noon and other ſhadows fond 
caſt. 

241. Antœci are two eppes nations, 
lying in or near the ſame meridian; one of 
them in north, the other in ſouth latitude; 
they have both the ſame longitude, and 
equal latitude, but on oppoſite ſides of the 
equator : they have oppoſite ſeaſons of the 
year, but the ſame hours of the day. 

242. Periceci are two nations ſituated on 
oppoſite ſides of the globe, in the ſame pa- 
rallel of latitude, having the ſame ſeaſons of 
the year, and oppoſite hours of the day. 

Therefore, their longitude muſt. differ 
180 degrees. St. 2 

243. Antipodes are "two "nations diame- 
trically oppoſite, which haye WT {aſons 
as well as oppoſite hours. 

A ſtraight line paſſing from one tor the 
other muſt conſequently paſs through the 
center, and therefore become a er 
of the globe. 

Their longitude key latitude are both 
oppoſite. 
(883 11 3 T heſe 
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Theſe are exemplified by rectifying the 
globe into the poſition of a right ſphere, 
art, 220. and bringing the nations under 
conſideration to the edge of the broad paper 
circle. Thus, | 
The inhabitants of the eaſtern parts. of 
Chili are Antœci to thoſe of New England; 
whoſe Periceci live in the northern parts of 
China, Who are alſo antipodes to the inha- 
bitants of Chill, 

We ſhall now, proceed to exemplify the 


former 9 in a n Beg 
e 


"PROBLEM: XVII. 


To bad all thoſe places on the globe, 
over whoſe zenith the tun will 
paſs on any given day. 


244, Rectify the terreſtrial Globe, art. 
219. by bringing the given day of the 
month, on the backſide of the ſtrong braſs 
meridian, to coincide with the plane of the 
broad paper circle, and obſerve the eleva- 
tion of the pole on the other fide; and that 
degree counted from the equator on the 
ſtron ng braſs 'meridian, towards the elevated 


pole 3 
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pole, is the point over which the ſun is 
vertical. Now turning the globe, all thoſe 
places which paſs under this paint, have the 
ſun directly vertical on the given day. 

Thus bring the 1 1th day of May, into the 
plane bf the broad paper cirele, and the ſaid 
plane will cut 18 degrees fot the elevation of 
the pole, which is equal ta the ſun's decli- 
nation for that day; which counted on the 
ſtrong braſs meridian' towards the elevated 
pole, 1s the point over which the ſun will be 
vertical. Now turning the globe round, we 
ſhall find that Arnalagan, one of the Ladrone 
Hands, che northern part of Manilla, the 
middle of Stam, a prep part of Africa, and 
St. Anthony one of pe Verd Iles, the 
ſouthern fide of the lands Porto-Rico and 
Domingo, and the northern part of the 
iſland of Jamaica, &c. have all of them the 
lun in their zenith on the 11th of May. 


Hence when the ſun's declination is 


equal to the latitude, of any place in the 
torrid zone, the ſun will be vertical tg thoſe 
inhabitants that day. 


Hence alſo we derive the following 


L 4 | PR O- 


Fs 3 (5 6 


To find the ſun's png, _ 
thence the parallel of latitude cor- 
err ek. upon the 


1 5450 „Rad the fan's 8 broad 
er circle for ay given day, art. 98. and 


LOS ys 


* 


de "this, will ſhew the — of the 
ſun's. declination among the dotted lines, 
Which is alſo the correſponding parallel of 
latitude; therefore all thoſe places through 
which this parallel paſſes, have the ſun in 


their N at en the n . 


. 11 4 1 


are PROBLEM. XXX. 


| To oe de which | 
tte ſun will be vertical to any 
place between the tropics, 


246. That parallel of declination which 
paſſes through the given place, will cut the 
ecli en line upon the * in two 1 


„pi 
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which denote the ſun's place, againſt which, 
on the broad paper circle, mn 
e rg at „ pf q 


2 


PROBLEM *I. 


The »» and hour at any "place 
being given, to find where the 
fun i is vertical at that 1 time. 


247. 12 the given place be MICE and 
time the 11th day of May at 4 minutes 
paſt VI min the afternoon, * 

Rectify the globe to the day. 0 the 
month, art. 219. and you have tlie ſun's 
declination 18 degrees north; bring London 
to the meridian, and ſet the horary index to 
XII, turn the globe till the index points to 
the given hour on the equator, 4 minutes 


4 CY 


under the 18th degree of the ſtrong. braſs 
meridian, which i is the- Mi Where che fun 


tical 3 thi inſt MMA. 0 2 


266% 572.7 2135102 
PROBLEM 


54 Diino th 


de "PROBLEM. XXkI. 


T be time of the 4 y one 
place being given, to find all 
thoſe places in which the ſun 

"8 he filing, ſetting on the 


* meridian, and where he 1 55 verti- 
cal; thoſe places, in which 


it is midnight, twilight, and dark- 
night, at the ſame inſtant; as 
well as thoſe places in ien the 


twilight is beginning and ending; 
and alſo to find the ſun's altitude 


at any hour in the illuminated, 
and his depreffion in the obſcure, 
_; hemiſphere. 


br 8 ReQify the globe to the 4 of the 

month, art. 219. on the backſide of the 
ſtrong braſs meridian, and the ſun's decli- 
nation for that day, which is equal to the 
elevation of the pole, is given upon the gra- 
duated fide of the braſs meridian, by its 
coincidence with the plane of the broad 


37190439 
24049 paper 
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paper circle; bring the given place to the 
ſtrong braſs metidian, and ſet the 
index to XII, upon the equator; turn the 
globe from weſt to caſt, until the horary 
index points to the given time. Then 
All thoſe places, which lie in the plane of 
the weſtern ſidle of the broad paper circle, 
{ee the ſun rifing, and at the ſame time thoſe 
on the eaſtern fide of it ſee him ſetting, _ 

It is then noon to all the inhabitants of 
thoſe places under the upper half of the 
graduated fide of the ſtrong braſs. meridian, 
whilft at the ſame time thoſe gs the 
lower half haye-mid-night; > -- 

All thoſe places, which are then between 
the upper farface of the broad Paper circle, 
and the wire circle under it, are in the 
twilight; which begins to all thoſe places 
on the weſtern ſide that are immediately 
under the wire circle, to which it is the 
dawning of the day; its end is at all thoſe 
places in the plane of the paper Girele; on 
which the ſun has juſt begun to riſe, 

The contraty happens on the eaſtern gde; 
the twilight is juſt beginning to thoſe places 
in which the ſun is ſetting, and its end is at 
eee 

| n 
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And all thoſe places which are under the 
twilight wire circle have dark night, unleſs 
the moon is fawgurable to them | 
All places in the illuminated hemiſphere 
have the fan's altitude equal to their diſtance 
from the edge of the A e diſc, which 
is known by fixing the quadrant of altitude 
to the zenith, and laying 1 its 12 edge 
over any particular place. 
-* The ſunss depteſſion is obtained in "the | 
ane manner by fixing the center of the 
Ir: "IG the nadir. * 0 


© 4 * 
4 
- | 
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PROBLEM XXIII. 


'To find the time of the ſun's 70 
and ſetting, the length of day and 
night, on any day in the year, in 
any place, whoſe latitude lies be- 
tween the polar circles, and alſo 


the length of the ſhorteſt day and 
night in any of thoſe latitudes, 
and i in what climate chey are. 


249. ReQify the celeſtial globe to the 
2 given place, art. 189. bring 
ja "> 
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the artificial ſun to his place in the ecliptic 
far the given day of the month; and then 
bring its center under the ſtrong braſs; me- 
ridian, and ſet the horary inder to that XIL 
which is moſt elevated. 'T Ter 
Then bring the center of hs Aeg ſun 

to the eaſtern part of the broad paper circle, 
which in this caſe repreſents the horizon, 
and the horary index ſhews the time of the 
ſun- riſing; turn the artificial ſun to the 
weſtern ſide, and the horary index will ſhew 
the time of the ſun- ſetting. 

Double the time of ſun-riſing is the LE 
of the night, and the double of that of ſun- 
ſetting is the length of the day. 

+ Thus on the , 5th day of | June, the ſun 
riſes. at 3 h. 40 min. and ſets. at 8 h. 20 m. 
by doubling each number it will appear, 
that the length of this day is 16 h. 1 
and that of the night h. 20 m. c 
- The longeſt day at all, places. i in 2 


latitude, is when, the ſun is ig the firſt * 
of Cancer. And, „d Bn 


„The longeſt day. to thals in ſouth. 11 
tude, is when the ſun i is in the firſt point of 
ue | 


2 Were 
2 d : % p „ 
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Whereforeithe globe being: reQified as 
above, and {the' artificial ſun” placed to the 
firſt point of "Cancer, and brought to the 
eaſtern edge of the broad piper eirele, and 
the horary index being ſet to that XII which 
is moſt elevated, on turning the globe from 
eaſt to weſt; until the artificial fun coincides 
with the weftern-edge, the number of hours 
counted, which are paſſed over by the horary 
index, is the length of the longeſt day; their 
complement to twenty-four TAE y_= the 
length of the ſhorteſt night. 

250. If twelve hours be ſubtracted from 
che length of the longeſt day, and the re- 
maining hours doubled, yew obtain the cli- 
mate mentioned by ancient hiſtorians: and if 
you take half the climate, and add thereto 
twelve hours, you obtain the length of the 
longeſt day in that climate; this holds good 
for every climate between the polar circles. 

A climate is a fpace upon the ſurface” of 
the earth, contained between two parallels 
of latitude, ſo far diſtant from each other, 
that the longeſt day in one, differs half an 
hour from the longeſt day in the other 


PUR. 


The 
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- The climates are reckoned from the equa- 
is twenty-four hours; from the polar; circle 
towards the pole the climates are faid to 
encreaſe by a whole natural day, till they 
came to a parallel under which the longeſt 
day is fifteen natural days,” or half a month, 
from this the climates are reckoned by half 


months, or whole months, in the length of 
the artificial day, till they-come to the pole 
elf, * * Gs - nie 2 
long. 5 4 . 913 
| PROBLEM (XXX. 
To find all thoſe places within the 
circles, on which the ſun 
begins to ſhine, the time he ſhines 
conſtantly, when he begins to 
. . diſappear, the length of his ab- 
” ſence, as well as the firſt and laft 
day of his appearance to thoſe 
inhabitants; the day of © the 
month, or latitude of the . 
fa being given. 
291. Bring the given day of the . 


on the backfide of the Rrong braſs meridian, 
id 


9 
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to the plane of the broad paper circle, the 
ſun is juſt then beginning to ſhine on all 
thoſe places which ate in that parallel, juſt 
touched by the edge of the broad paper 
circle; and will for ſeveral days ſeem to 
ſleim all around, and but a little above the 
horizon, juſt as it appears to us at its ſetting; 
but with this obſervable difference, that 
whereas our ſetting ſun appears in one part 
of the horizon only, by them it is ſeen in 
every part thereof; from weſt. to ſouth, 
thence aſt to north, and fo to the weſt 
Or if the latitude ras 1 | 2 the 
globe to that latitude, and on the backſide 
of the ſtrong braſs meridian you obtain the 
day of the month, then all n 2 
a Den are anſwered as above. 
As the two concentric ſpaces 5 con- 
tain the days of the month on the backſide 
of the ſtrong braſs meridian, are graduated 
to ſhew, the oppoſite days of the year, at 
180 degrees diſtance z- when the given day 
18 brought to coincide with the broad paper 
circle, it ſhews when the ſor begins to ſhine 


on that parallel, which is the firſt day of its 


+ as above the horizon of that 
lel; 
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lel : and the plane of the ſaid broad paper 
circle cuts the day of the month on the op- 
poſite concentric ſpace, hen the fun begins 
to diſappear to thoſe inhabitants; thus the 
length of the longeſt day is obtained, by 
reckoning the number of days between the 
two oppoſite days found as above; and their 
difference from 365 days gives the length of 
their les 5 


"PROBLEM" XXxIV. 


To find the length of any day i in the 
uu Any latitude. 


252. Plevate the celeſtial globe to thelat- 
tade, and ſet the center of the artificial ſun 
to his place upon the ecliptic line on the 
globe for the given day, and bring its center 
to the ftrong braſs meridian, placing the 
horary index to that XII which is moſt ele- 
vated ; then turn the globe till the artificial 
ſun cuts the eaſtern edge of the horizon, 
and the horary index will ſhew the time of 
ſun-xiſing; turn it to the weſtern fide, and 
you obtain the hour of ſun- ſetting. 


344044 M The 


Tho length of the day and night will be 
obtained, ——— 
and-ſenting, "as bete. 950 


PROBLEM XXV. 


To. find the length. of the. loogef 
. and ſhorteſt — 


253. Elevate the globe according to the 
latitude, art, 189. and place the, enter of 
the artificial ſun for the — day upon the 
firſt point of Cancer, but for Sq 
day on the: firſt point of Capricorn, then ; 
proceed as in the laſt problem. 

But if the place hath ſouth latitude; the 
fan; is in the firſt point of Capricorn on their 
longeſt day, and in the firſt point of Cancer 
on their ſhorteſt day. 

Note, This problem is only. to be. uſed 
in ſuch latitudes as lie between the northern 
* * IR circles. | 


TED 


PROBLEM 
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PROBLEM Nl. — 


To find the latitude of « place, in | 
which its longeſt day may be i 
any given length a a 


and twenty - four hours. 


12 0. 1! 
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of Cancer; bring its center to the ſtrong 
braſs meridian, and ſet the horary index to 
XII; turn the globe till it points to half the 

number of the given hours and minutes; 

then elevate or depreſs the pole, till the 

artificial ſun coincides with the horizon, and 

that elevation of the pole is the latitude re- 
PROBLEM XN. 

To find the diſtance been LY 

two places. 


255. Lay the graduated edge of the qua- 
drant of altitude over both places, and the 
number of degrees between them is their 
diſtance, which is reduced to geographical 
miles, by reckoning 60 to a degree, or 

M 2 | 10 
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to Engliſh miles A. r a 693 to one 
degree... 2941 

If both 3 lie under the fame: merj- 
dian, their difference of Jaitude is the, dif- 
tance required” 5 

If they are in n the ins parallel of lati- 
tude, their difference of longitude is the 
diſtance fought. 


+ N43 54 ' 


PROB LE Me" XXXVIN- * 


eil VN 


To find all thaſe places whioh are at 
the rower 5 from a W 
Place. ee 


u n 

— Regt the Webs by . N. 
art. 189. and bring the given place · to the 
ſtrong braſs meridian, over which ſcrew the 
center upon which the quadrant of altitude 
turns; now move the quadrant round, and 
all thoſe places, "that are cut by any one 
point on the quadrant, are diſtant 
from the given 2 1 


Py 
+ 
* — 
5 1 

- o os oa. - ” h . '} 

—_ Cr # vw *% „ nun * , 4 \ 1 


— © 


PROBLEM 
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PROBLEM XXXIX. TY 

To ſhew at one view upon the ter- 
reſtrial globe for any given place, 
the ſun's meridian altitude, his 

amplitude, or point of the com- 

paſs, on which he riſes and ſets 
every day in the year. 


257. Rectify the globe to the latitude of 
the given place, art. 189. bring that place to 
the ſtrong braſs meridian, and ſet the horary 
index to XII, ſcrew the quadrant of altitude 
to the zenith of the botizon, and bring it to 
the braſs meridian, you will then at one. view 
ſee the ſun's meridian altitude on every de- 
gree of the ſuns declination for the whole 
year, cut by; the graduated edge of the qua- 
drant of altitude, on the dotted parallels; theſe 
dotted parallels at the ſame inſtant alſo cut 
the edge of the broad paper circle now re- 
preſenting the horizon, in the point of the 
oompaſs or amplitude, on which the fun i is 
{cen to tiſe on the eaſt, or to ſet on the weſt 
ſide of the horizon, for every degree of de- 
— * the year. 2 

M M 3 WW 
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If you trace any of thoſe parallels to the 
ecliptic line, you have the ſun's place when 
he is upon that declination, and thence the 

day and month upon the horizon. 

Alſo, the 2 of the ſun's place 
in the ecliptic line, ſhews the ſun's declina- 
| ET II eee 
rallels, | | 


PROVES XI. 

To ſhew at dne view upon the 
_ texreſtrial globe the length of 
the days and nights at any par- 
ticular place, * * a of the 


year. 


£258, ReAtty de klebe to che latitude of 
the place, art. 189. and the broad paper 
circle will repreſent the horizon: and the 
upper part of the dotted parallels of decli- 
nation, which are here alſo parallels of lati- 

Whente we muy ein the towber of 
hours each of them contains, which is the 
ſolution of the * To Wuſteate 


yore 
Elerate 


 Celetial- and Terreftrial Glbes. 167 


Elevate the globe to the poſition of a 
right ſphere, art. 214. and you will, with 
one glance of the eye, ſee that all the dotted 

lels of declination, as well as the equa- 
tor itſelf, are cut by the horizon into two 
equal parts. 

Therefore the inhabitants. on che equi- 
noctial line have their days and nights 
twelve hours long; that is, the ſun is never 
more nor ever leſs than twelve hours above 
their horizon, during his apparent paſſage, 
Capricorn, and thence to Cancer again. 

All the fixed ſtars have the ſame apparent 
motion to the equatorial inhabitants; that 
is, they riſe and ſet, continue above, and 
are depreſſed below, the horizon of any place 
upon the equator, exactly twelve hours. 

Raiſe the north pole of the globe a few 

of latitude at a time, and you will 
ſee the diurnal arches will increaſe in length, 
until the pole is elevated to 664 degrees 
above the horizon: then the parallel of the 
ſan's greateſt declination will be as far from 
the equator as the place itſelf is from the 


pole; and this parallel is the tropic of Can- 
5 Xx 4 i 


cer, which will juſt touch the nn 
the north point. - | 

And on the contrary,” we may . 
that the ſouthern parallels of declination 
continually ſhorten, as the northern ones 
lengthen, until they come to the een of 
Capricorn. 

Rectify the abe SOM Nüsse cc. 
don 514 0s north: when the ſun is in 
the tropic of Cancer, the day is about 161 
hours; as he recedes from thence, the days 
ſhorten, as the length of the diurnal — 
of the parallels ſhortens, until the ſun comes 
to Capricorn, and then the days are at the 
ſhorteſt, 'being of the ſame length with the 
nights,” when the ſun was in IE) Viz. 
about 74 hours, 38 
Rectify the globe to ws altitude-of the 
northern polar circle, and you will find, 


_ when the ſun is in Cancer, he touches the 


horizon on that day without ſetting, being 
completely twenty-four hours above the 
horizon: and when he is in Capricorn, he 
once appears in the horizon, but does not 
riſe for the ſpace- of twenty- four hours; 
| Fhen he is upon any other parallel of decli- 
nation, the days are longer or ſhorter, as 

„ that 
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that parallel an from, the 
equator. | 

Elevate the globe to the latitude of 80 
degrees north, at which time let the ſun's 
declination be 10 degrees north, he then 
apparently ſeems to turn round above the 
horizon without ſetting, and never ſets from 
this point to Cancer, until in his return, 
after he has again paſſed this parallel of 
declination. 

In the ſame manner, when his declina- 
tion is 10 degrees ſouth, he is juſt ſeen at 
noon in the horizon, and diſappears from 
that time in his wed n till bis 
return to the ſame point. 

Elevate the; north pole to go "Fong or 
in the zenith; then the globe will be in the 
poſition of a parallel ſphere, (art. 2 10.) and 
the equinoctial line will coincide- with the 
plane of the horizon: conſequently all the 
northern parallels are above, and all the 
wuthern parallels below the horizon; there - 
fore the polar inhabitants, if any there be, 
have but one day and one night throughout 
the year; their day, when the ſun is in his 
northern; and their night, when. he is in 

his ſouthern, declination, 
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This method of rectifying the globe for 
north latitude holds good in ſouth latitude 
minen eee 1 


PROBLEM XII. 


To find what conſtellation any.re- 
markable ſtar, ſeen in the firma- 
ment, belongs to. 


259. Bring the ſun's place in the ecliptic 
fot that day to the ſtrong braſs meridian, 
and ſet the horary index $0 that XII which 
is moſt elevated, the celeſtial globe being 
rectified to the latitude, turn the globe till 
it points to the preſent hour; and by the 
help of the mariner's compaſs, and attending' 
to the variation, which at London is be- 
tween 20 and 21 deg. from the north, weſt- 
ward, ſet the north pole of the globe 
towards the north pole of the heavens. 
The ſtar upon the globe (if you conceive 
yourſelf in the center,) which directs towards 
that point in the heavens, in which the 
ſtar you want to know is ſeen, is the ſtar 
required. 

At the ſame time, by comparing the tara 


in the heavens with thoſe upon the globe, 
the 
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the other ſtars and their conſtellations may 
be eaſily known ; | whereby” you will be 
enabled, any ſtar- light night, to point out 
many of — C7 eat 
various places on the carth. Ii 


PROBLEM XIII. 


To find at what hour any known 
ſtar paſſes the Ne on any 
day in the year. 05 75 | 


260. Rectify the globe 8 to. the laticade, 
{art.. 189.) and ſet the artificial fun to his 
place in the ecliptic : bring its center under 
the ſtrong braſs meridian, and ſet the ho- 
rary index to XII; then turn the globe 
till the ſtar comes to the meridian; and the 
horary index will point upon the equator 
to the hour on which that ſtar will be upon 
the ſouth part of the meridian. 

If you turn the globe on till the center of 
the artificial ſun is under that praduated 
Gde of the braſs meridian, which is below 
the elevated pole, all thofe ſtars, which are 
then cut by that fide of the meridian above 


the faid pole, will paſs the meridian at 
midnight. 
PROBLEM 


172 ———— 


* 01 = S437. 


erde hero XL. 


any ſtar _ 8 at any 
Propoſed hour of the ni ight. 


261. Bring the far to the * braſs 
meridian, and ſet the horary index to the 
propoſed hour; then turn the glohe till the 
index points to XII, and that degree on 
the ecliptic, which is cut by the meridian, 
is the ſun's place, againſt which, in the 
kalendar upon the broad paper circle, is 
nn RTE 


« 


PROBLEM XIV. 


To trace the circles of the ſphere in 
the ſtarry firmament. 


| "Y We ſhall ſolve this problem for the 
time of the autumnal equinox; becauſe that 
interſection of the equator and ecliptic will 
be directly under the depreſſed part of the 
meridian about midnight; and then the 
oppoſite interſection will be elevated above 
the horizon: and alſo becauſe our firſt 
34 4 | meridian 


meridian” upon wh terreſtrial * paſſing 
through London, and the firſt point of Aries, 
when both globes are rectiſied to the lati- 
tude of London, and to the ſun's place by 
problem XII, art. 189, 19a. and the firſt 
point of Aries is brought under the gra- 
duated ſide of each of their meridians, we 
ſhall have the correſponding face of the 
heavens and the earth repreſented, as they 
are with reſpect to each other at that time, 
and the principal circles of each ſphere will 
mpand with each other. 
The horizon is then diſtinguiſhed, R 
begin from the north and count weſtward, 
by the following conſtellations ; the hounds 
and waiſt of Bootes, the northern crown, the 
head of Hercules, the ſhoulders of Serpen- 
tarius, and Sobieſki's ſhield ; it paſſes a little 
below the feet of Antinous, and thro' thaſo 
of Capricorn, through the Sculptor's frame, 
Eridanus, the ſtar Rigell in Orion's foot, 
the head of Monoceros, the crab, the head 
of the little lion, and lower part of * 
great bear. 

The meridian is 2 1 by * 
equinoctial colure, which paſſes through the 


ſtar marked 3 in the tail of the little bear, 
under 


ES 
I © 
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the fare in he back ef Callopea's chair 
| nizcked'f, the head ef Andromeda, the 
briche tar in the wing of Pegaſus marked 


ae the exwemity of de wil ofthe 


wahgle. 

Thee part'6f the equator; which is ther 
above the horizon, is diſtinguiſhed on the 
weſtern fide" by the northern part of So- 
bieſki's ſhield, the ſhoulder of - — 


of the waſterk -fiſh in Pies; it paſſes 
through the head of the' whale, and a bright 
ſtar marked à in the corner of his mouth, 
and - thence through the ſtar marked # in 
the belt of Orion, at that time near the 
eaſtern fide of the horizon. 

That half of the ecliptic m 
above the horizon, if we begin from the 
weſtern fide, preſents to our view Capri- 
cornus, Aquarius, Piſces, Aries, Taurus, 
Gemini, . n _ E eren 


Cancer. 9 


The ſolſtitial colure, 98 the wetthir 
fide, paſſes through Cerberus, and the hand 
of Hercules, thence by the weſtern fide of 


1. conſtellation' Lyra, and through the 
dragon's 
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dragon's head and body, through the pole 
point under the polar ſtar, to the caſt of 

Auriga, through the ſtar marked nin the 
foot of Caſtor, and pm. oy _ IE 
elbow of Orion. 

The northern polar cicele, eur a wt 
of the meridian ner the elevated pole, 
advancing towards the weſt, paſſes through 
the ſhoulder of the gteat bear, « thence a 
little to the north of the ſtar marked & in 
the dragon's tail, the great knot of the dra 
gon, the middle of the body of Cepheus, 
the northern part of Caſſiopea, and baſe of 
her throne, through Camelopardalus, _ 
the head of the great beer. 


The tropic of Cancer, from the weſtern” 
edge of the horizon, paſſes under the arm 
of Hercules, under the Vulture, through 
the gooſe and fox, which is under the beak 
and wing of the ſwan, under the ſtar called 
Sheat, marked gj in Pegaſus, under the head 
of Andromeda, and through the ſtay mark- 

© in the fiſh of ti conſtellation Piſces, 

e the bright ſtar in the head of the ram 

a, through the Pleiades, between 

the horns of the bull, and through a group 
0 thence abovo 
a ſtar 
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a ſtar marked aj, between [Caſtor and Pollux, 
and ſo through a part of the conſtellation 
Cancer, where it diſappears by paſſing under 
the eaſtern part of the horizon. 10 
The tropic of Capricorn, from the So 
ſide of the horizon, paſſes. thro the belly, 
and under the tail of Capricorn, thence 
under Aquarius, through a ſtar in Eridanus 
marked c, thence under the belly of the 
whale, through the baſe of the —— 
furnace, whence it goes under the hare 
at the feet of Orion, being there depreſſed 
under the horizon. 
The ſouthern polar circle 1s Jovidble to 

the inhabitants of London, by 1 *. 
our horizon. 


To find the time of the fan $ Sur 
into the firſt point of Libra or 
Aries; and — that point in 
the e equator to which the ſun is 
Vertical at either of thoſe times. 


2630 This regures the knowledge of a 
meridian that ſhall paſs through that point 
in the equator, to which the ſun is vertical 
at the times of equinox; but as * 
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is variable, a . n muſt be firſt 
obtained. 910080 '1 

In Anno Domini 5 the! late Rev. 
Dr. Bradley obſerved the ſun to enter 
Libra September 224. 10 h. 24 min. after- 
noon, new ſtile, at the * nr 
at Greenwich. | 

ies ee diurnal moon b from | 
weſt to eaſt, it cauſes all places to the eaſt 
of any other place to paſs firſt under the 
ſun; therefore when the meridian of Green- 
wich paſſed under the ſun that day, he was 
not then arrived at the interſecting point of 
the earth's equator and celeſtial ecliptic, but 
wanted 10 h. 24 min. WINES: is W to 
1506 degrees. 
| Wente the fixed or rt meridian gt 
1 than obtained, and lies 10 h. 24 min. 
in time, or 156: equatorial degrees welt of 
the Royal Obſervatory at Greenwich. 

This meridian is marked by a-dotted line 
on our new terreſttial globe; it paſſes thro' . 
the great Pacific ſea, and croſſes one of 
the Iſles — and * > OE 
Mouches. . I 04 
The next thing to be ebe 


neareſt mean length of a tropical year, which 
5 N 


18 
2 


L 


day from the calends of January. 
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is a determinate ſpace or interval of tinie 
between the ſun's apparent paſſage from 
one point of the echiptic, until he returus to 
the ſame point again, or from one equinox 
to the ſame again, - 1 1 eee ar 
autumnall. 

We take for our air ESI) 
equinox, anno 706 of the Julian period, 
which we call anno mundi o, and compute 
from "Thurſday Oct. 2 gth, o h. o min. or 
noon, the ſun being then ſuppoſed to be 
in the firſt point of Libra on the meridian 
before mentioned, and vertical to that point 
of the equator, „ r weſt 
of Greenwich. 


And alſo in the . of AR 
Oct. 25th. 10 h. 24 m. upon the 298th 


The tropical year thus reckoned exceeds 
the Egyptian year g h. 49 min. and is but 
11 minutes ſhort of the Julian year; fo 
much being annually allowed for the retro- 
oeſſion of the equinox, - conſtquently the 
mean length of a W 5b. 
49 min. 
. ics amgakiiee meh this 
e, — ng unanimouſſ 
2 agree, 
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agree; that the earth paſſes through all the 
figns of the ecliptic, ſo as to ores -4ras the 
circle in 365 d. 5 h. 490 min, 
See the reſpective tables of Rudelchus 
Tycho Brahe, Caſſini, Sir Jonas More, 
Mr. Flamſted, Pr. Halley, Mr. Meyer, 
and Mr. 9 ; Aa it wilt appear 
_ 


” 2 © 4 * | 2 
The ſan” 8 W motion in 


| 7 WIN 40 
* days is Sd. 
# in 6 hours (Ins 14 47 
f s 0: © 27 
where 2 retroceſſion, iT 
the, ſun's mean 1 0 27 
in eder of time, 222 
LOOHINS 97 | 6 2 0 — 
The Wr of one ie ular, iy * 
year is, 
from which ſubtract wy A 
retroceſſion af of 


Therefore the remainder 365 5 49 
completes the circle, and not one ſecond 
of time more or leſs can be N * 


* extant. 


"Sts 11: 2 


N 2 _ And 


| 
| 
| 
| 
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And the difference between calculating 
downwards from the epoch A. J. P. 706, 
and calculating backwards in the modern 
practice, from che various epochs. in the 
moſt celebrated tables, is, that in thoſe laſt 
epochs, the i minutes of 8 W 
not been conlidered. | 


* 4 m. 
From the vernal to the au- 
tumnal equinox by _=_ 
From the autumnal to the pi g 8 wer 
vernal equinox Fame 
© 74? 365 5 49 


The equinoxes regularly fall every year 
5 h. 49 min. later in the day, than in the 


preceding year, and at the end of every 
annual motion of the earth, the equinoRtial 
interſection chan ges its meridian. weſtward 
of that in which it tell the year rd * 
87 deg. 15 min. 


Precepts for alte ut ef as * 
df retroceſſion and ee 


r inoxes. 


264. Firſt, Find Re nber. 10 years 


n the radix : If the given year is be- 
| | fore 


4 4 % 
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fore the Chriſtian Ara, ſubtract it from 
40083 che Fe is the year from the 
nnn 

sccopdh, If n year ane the Chiiſtian 
Era be given, add it to 4007, their ſum is 
the year from the radix. 

Thirdly, Collect the days, hours, and 
minutes of retroceſſion, and autumnal equi- 
noxes from the table, accordin g to the 
number of years from the radix, in thou- 
ſands, hundreds, tens, and units; add theſe 
into two ſums, the firſt will be the retro- 
ceflion; the ſecond the time of the equinox 
in that meridian which lies 1 55 degrees 
weſt of Greenwich Obſervatory; to which 
add 10 h. 24 m. and Jour obtain the | time at 
Greenwich. 

This method will eve for any 7 
meridian alſo, if you add its difference in 
time from the fixed meridian. 

Solar tropical years thus reckoned be- 
gin and end at the autumnal equinox, and 
all Julian years begin and end at oy ka- 


lends'of January ?. | 
SY In 


* The kalends of January begs brow. the. noon 
of the preceding day; that is, from the noon of the 


day before the firſt day of January, 


| 
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In comparing ſolar. tropical years, with 
Julian, years, by which we, {till compute 
time, obſerve, that the laſt nine months 
of any folar tropical year anſwer. to the firſt 
nine months of that Julian year with which 
it is compared; and "on the firſt three 
months of the next ſucceeding tropical year 
anſwer to the three laſt months of that ſame 
Julian year with which 1 it is compared. 

The 298th day from the kalends of Ja- 
nuary, which was Thuriday in the 706th 
year of the Julian period, the ſun entered 
Libra at noon; at which inſtant it was 10h. 
24 min, paſt, noon at Greenwich. 

In all calculations of autumnal equinoxes, 
we take the ſame 298th day, or October 
25th in the radical year o, for our epoch. 
And to gain the day of the month in 
which the Wee muſt happen ſince the 
radix, 

Add the number of days, a and 
minutes in the retroceſſion, to the days, 
hours, and minutes of the equinox in the 
fixed meridian, and you obtain the Julian 
days and hours from the radix. 


Add the epoch 298 to the days of the 
tropical reduction, and from their ſum ſub- 
tract 
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tion, the remainder is the number of days 
from the kalends of January old ſtile; 
add thereto eleven days, and yon obtain the 
number of days from the ſaid kalends of 
January new ſtile; from which if you deduct 
the neareſt leſs number in the, table of 
months (Which numbers expreſs the laſt 
days c of each. month) the reſidue is the day 
of the ſucceeding month, 

But when the ſum. of the Julian un 
tion contains eighteen hours above entire 
days, it is a biſſextile year; then one day 
more muſt be added to the entire Julian 
days before the ſubtraction is made. 


When there are no hours in the Julian 
reduction, that is the firſt year after, a, biſſex- 
tile; if ſix hours, the ſecond; if twelve 
hours, the third; and when eighteen hours 
above entire days, it is the biſſextile year, | 
And when the laſt, reſult exceeds 12 
hours, add 1 to the days, and ſubtract 12 
from the hours, and you change the time 
from aſtronomical to the civil reckoning. 

Jo gain the time of the equinox on any 
other meridian, add the difference of meri · 
dians to the time found in the firſt meri- 

N 4 dian, 
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dian. Thus fot London or Greenwich we 
add 10 h. 24 min. for Paris 10 h. 33 min. 
20 ſec. for mp” in- rec 12 h. 
60 min. Kc. ö F e . 


10 gain the . 


26 5 Divide the days of the tropical re- 
duction by 7; if o remains, it is Thurſday ; 
if 1, Friday; 2, Saturday ; and 3, Sunday; 
and ſo on to 6, which is nn as in 
the table of weck days. | 


To obtain the time of the verial 
* equinox. | 


266. Firſt find the autumnal equinox for 
the ſame year in which the vernal equinox 
is required; and from it ſubtract 186 d. 
11 h. 51 min. which is the diſtance in time 
from Aries to Libra; their difference will be 
the time of the vernal equinox required. 

The day of the month, and week-day 
found as above, we obtain the literal cha- 
racter for that day as follows. 

In the table of months ſtand the literal 
characters, that are placed againſt the firſt 


day 
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day of each month _ any common. 4 
manack. 

And Witter letter bande againſt 455 
frſt day of any month, the Sth, 1 5th, 22d, 
and 2gth days of that month; are all cha , 
racteriſed with the ſame. 20046 

yr a em. or week-diy 
charakter. 


— 
— 


The day of the month and week day 
given, to find its literal character 
and dominical letter for that year. 


267. A. D. 177, the autumn equinox 
will happen at Greenwich, September 22d, 
oh. 55 min. on a Tueſday, 

Quexe, The literal character for that day 
and dominical Itter for * year, it being 
biſlextile ? © 


The 
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The. literal character for. the 1ſt of Sep- 

tember is F; fo alſo is the 22d, and Tueſday, 
in the preſent queſtion, Look on the circle 
of, week - day characters, call, F | Tueſday, 
G Wedneſday, A Thutſday, and ſo on to 
Sunday which falls upon D, the laſt of the 
two dominical letters for that year. 8599 
from the intercalary day to the year's end. 

The firſt dominical letter for leap-years is 
the next in the eircle,” and ſeryes for January 
and February, which in this example is E. 

Therefore the two dominical letters for 
the biſſextile year 1772 are BD new ſtile. 

In any common year, the letter firſt found 
ſerves for the whole year, | 
The dominical letter being known, to 
find on What day of the week any day in 
the year falls. 

Quxxx, What day of the 1 is the 
2oth day of March, 4 D. 1772? 

The literal character for the xt of March 
is. D, ſo is the 15th, and the 20th being 5, 
days more, if we count from D, which 
happens to be the dominical letter, to E 
Monday the 16th, we ſhall find B Wi 
the 2oth day of March, A. D. 1772, new 
ſtile, 


If 
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If the dominical letters were required 
for old ſtile, in theſe examples the: firſt 
would be the 11th-. of September r, 
whoſe literal character is thus found, F F the 


1ſt day of September, and alſo the" 8th, 
G the geh, A the 10th, and B the 11th, 
and by che following calculus Tueſday, 
therefore A C are the dominical . 
path A. * * „ Ss Wh 


268. Re- 
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269. Required the autumnal equinox at 
Alexandria in Egypt, in the 146th year 
r of s 


A : 
AT” N 
713 1. 41 755 # «i d o £3 G5 & Hf - # a = « ot on d : "# | 1 4 


* * Ls 
3 — ? 7 
* 2110 + i 15 * L 


PL. GW 1 bes 17 2 


n. e year bon te radix, 08. 25, l P. 706 06. 


Retroceſſion.  . Tropical reduction 
enn d. h. min. days à radix. h. min. 


3000 22 22 0 1095727 [2 Oo - 
800 6 2 40 292193 21 20 
60 11 0 21914 13 0 
2 © © 22 730 11 38 
29 18 +3 71440559 23 58 
weeks 201 $092 Saturdays 
h. min. 
Tropical day 565 tropical time AG 23 58 
epoch + — retroceſſion + 28. 2 
863 Julian reduction 1410595 12 © 
Julian days—595 the 3d year after 
biſſextile. 
268 — — — 
for Auguſt— 243 8 
2 Sept. 25 2; 03+ K am. 


a kal. Jan. 268 23 58 fixed meridian, 
meridian diſt, * 12 25 


2 — poine of 269 12 23 at Alexandria. 


On a Sunday, dominical letter B, in the 1 47th 
year before the Chriſtian Ara. 


269. To 
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269. To find the time of the vernal 

equinox in the ſame year, and at the ſame 

place, 


= ; = 
: * 2 


— —_— . nw 


— —ͤ—I—m — —ö 


23 : x d. h. min. 

9 . . 5 | 
12 3 equinox Luk : 269 12 23 
ſubtra& the diſtance in time between 186 11 - 51 


and a2 


. for February 59 


hr fun in the it point of Aries at Alex- 
andria n Chriſt 146 years, March 24 32 


270. To find the time of the autumnal 
equinox at Greenwich, A, D. 1768. 


4007 
0 +1768 | | : 4 


A.M. 5775 or years from the radix 


|; EkKetroceſſion. Tropical reduction. 
- cars a radix, d. h. min. days à radix. h. min. 


go00 38 4 40 1826211 19 20 
„ 255669 15 40 
70 © 12 50 25566 23 10 
1 1826 5 5 
44 2 45 792109274 83 


weeks 3o1 324-+6 Wedneſday. 


Tropical 
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Tr? 74 _ tropical time 
epoch + 298 reocetiion-4- * 2 4; 


— 1 


— —— 


— 


21 0 
Jul.days+1—319 becauſe of the 18 h. e ideale year, 


„„ old Rite : 
for new ftile+ 11 days | 
264 à kal. Jan. new ſtile 
for Auguſt — 243 


© in = Sept 21 | d. h. min. 
in the fixed meridian a kal. Jan. 264 15 15 
meridian diſt. + 0 10 24 


che ſun in the iſt point of Libra at Green. 1 
wich, Sept. 22, þ 26; 1 39 


— — 


271. To find the time of che vernal equi- 
nox, A. D. 1768. 


From the autumnal equinox, Sept. 22, 166 + 1 39 
ſubtract diſt, Ya 2 286 11 51 


8 13 48 
for Feb. 59 „ 


the fan in Arieoar Greeawich, A.D. 1768, Mar 19 13 40 


272. Fornd® the autumnal and 
vernal equinoxes for the biſſextile year, A. D. 
1768, we obtain them for the three fol- 
lowing years by 7 en thereto 


5h. 49 min, thus C rt 4 l 220 108 

in d. h. min. in a d. k. w. 

178, March 19, 78 13 48 « 1768, Sept. 27, %K. 

| + $5 49 + 29-2858 

weh Mer * 19, 7819 37 1769. Sept. 22, 265 7 28 

549 + 5 49 

1770, Mas. 20, 9 1 26 - d 265 "5 *7 
„„ 


1771, Mar. 20, 79 7 15 17714 sar 22, oy 19 6 


| 273. He the time of the auturanal 
| . Greenwich, A. D. 1772. 


4007. . 
hi 
4. p. ve years from th radix. 


Retroceſſion. Tropical reduction. 
years a radix. d. h. min. days à radix Bh. min. 


5000 38 40 1826214, 19 20 
700 5 20 235669 15 40 
e 25566 23 10 
: 11 $i 2%00471:08 077) ont 2W 


44 3 29 7110035 14 3 
weeks $01 55344 Monday. 


PL 5 Tropical 


| petty. e time 2110735 14 14 31 
< if e 10 KY oY 


* 3 29 
2119779 18 


Tal ML” becauſe of the rſh, * : bifſextile year. 


. an Jn old ade af 
fr new fe t 11 da eq in eee es 


220 hl rn 


eue: wry 
. 21 4. k. min. 
: r wy 


the fun inthe firſt point of Libra at Green- 165 o 65 


wich, 8 2, 
On a Tueſday: Dominica Tb. Y 


274. To obtain e vernal, 1 
A. D. Ne e | 


- 2., „„ — 


d. h. min. 
From che autumnal equinox, 2 22, 266 


di, hen Arico Libr 186. - 51 


3 m_ — * — Tl 


| 15 for Fabriary 2 1 
te fan in hu pointl hie dug 13 4 


We find the two equitoxes in the three 
next ſucceeding common years, as in the 
preceding example, by the continual addi- 


„ — 1 
y 


By this method of calculation, we avoid 
any miſtake that right happen with reſpect 
to the intercalary day ; becauſe we find the 
autumnal equinox firſt, and thence the vernal 
equinox, which always falls after the inter- 
calary day, and alſo becauſe * time has 
no biſſextile * 


Ts Jo Bee minutes, and 
ſeconds of time, into degrees, 
minutes, and ſeconds of the e- 


275. Divide the ſeconds of time by 4, 
the quotient is minutes, and . ſo 
many times 15 ſeconds. 

Divide the minutes by 4, che 5 * is 
degrees, and remainder ſo; many times 15 
minutes. 

Multiply che n by 15, the produc 
is degrees. | 


14 . 0 EXAMPLE. 


- 
— —— — g 
— - 


194. ven an Us of the 


$ 6 VR "347 * . 189 YT $M N 7 


31 1 Fe "ey 


Reduce wry 34 min. 27 ſee. er tine 
into degrees, minutes, Vee. of che equator. 


* os. 2 — 4 . wy eee deg. min. ſec, 
90 ö a 5 0 o 
15 i 8 45 0 

6 4s” B45) — oO 6 45 

1659 _ — 

8 . anſwer 173 $1 4; 


* Jedies des 0 ; minutes, and 
ſeconds of the Heer irtto hours, 


minutes, and ſeconds of time. 


276. Divide feeonds'by* 1 5, the: quotient 
is ſeeonds, and remainder ſo many times 
4 Ore | EDNGIH 71 C2 Y your 
Divide" minutes by 1 f, che quotient i is 
minutes, ad remainder ſo many "ies 4 
ſeconds. 
Dude che degr ces by 15, the quotient is 
minutes. 


EXAMPLE. 
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* + EXAMPLE. + 6 

Reduce 173 deg. 51 min. 45 K of the 

equator, into hours, minutes, and :onds of 
time. 


ſec. min. dig. h. jh. min. fee. 
1504813“ 1518103“ 15/730 11 34 0 
1415 TW, 15 oO 3 24 
$ * 6=24 33 2 _m= 
. 15 . 


We are now prepared to ſolve the lat- 
ter part of the laſt problem, which is as 
Wo. 


PROBLEM XLV. 
To find all thoſe places in which it 


is noon at the time of an equinox; 
as well as that point upon the 
equator, to which the ſun is ver- 
tical at that time. 


277. Having found the time of an equi- 
nox by the preceding, or any other method 
of calculation, as in the firſt example, we 

O 2 * 


dz min, 


4 . 0 
* PF « ” - 


| 


196 — and 2 of. be 
find the ſun entered the fic point 0 Aries 
at Alexandria in > Egypt, March 24th, o h. 


% 


5 + Yu e'32'r minutes of rirtie reduced | to the 

Equator, are equal to 8 degrees. 
ve Therefore bring Alexandria under the 
graduated fide of the ſtrong braſs meridian, 

and ſet the horary index to XII upon the 
equator, turn the globe from weſt to eaſt 
until 32 minutes of time, or 8 degrees of 
the equator have paſſed under the horary 
index, where ſtop the globe; then all thoſe 
places -under the faid graduated fide of the 
ſtrong braſs meridian will have noon, and 
that degree of the equator, which is then 
under the meridian, is the point to which 
the ſun was at that inſtant vertical, and is 
the interſecting point of the equator and 
ecliptic, or that terreſtrial-meridian, which 
governs the paſſage of the firſt point of 
Aries for that or, 


Cretan Torrie Giles Ls | 


_ a 
4 * 4 


T hes 01 equinox) A. D. 4572 
will fall on the 19th day of 
March, at 13 h. 4 min. which 
reduced to the degrees and thi- 


| nutes of the eg ator, is 1 to 
196 degrees. en 
2 a 33) 21 10 
278. Bring n to * ſtrong braſs 
meridian, and ſet the horary index to XII, 
(in this caſe the graduated fide is the ho- 
rary index) turn the globe from weſt to. 
eaſt until 13 h. 4 min. of time, or 196 dee 
grees of the equator have paſſed under the 
horary. index, where ſtop the globe; the 
196th-. degree of the equator witb-paw. be 
fpund under the graduated ſide of the braſs 
meridian, and is that point on which the ſun 
will be yertical at noon; at which inſtant 
it will be 13 h. 4 min. N Wr 
or Green wic. 


The meridian paſſing 5005 "Y point, 
will be ſeen to paſs a little eaſtward of 
Kamkatſka through the Pacific Sca acroſs 
the iſland Dicerta, thenice' eaſt of the iſle 
dern and through the weſtern part of 


: _ "_"_R 


198. Deſeription and"Uſe of the 
New Zeland ; all which places will have 
noon at the inſtant of that vernal 8 4*r; 


F4 ” 


The 3 equinox, A. p. 1772 „ 
will happen September 22, o h. 
55 min. at London, the 5 5 min. 
being equal to 13 deg. 45 min. 
of the inter. 


Sdusted fide 
of the ſtrong braſs meridian, and ſet the 


279. Bring London to the 


horary index to XII, turn the globe from 


weſt to caſt, until 59 minutes of time, or 
13 deg. 45 min. of the equator have paſſed 
under the horary index, where ſtop the 
globe; here, as in the laſt example, the 1 3th 
degree and 45th minute is that point upon 
the equator to which the ſun is vertical, 
and the meridian paſſing through this point, 
lies under the graduated ſide of the ſtrong 
braſs meridian; which paſſes over the mid- 
dle of Greenland, and 3 the Atlantic 
Ocean to the eaſt of Teneriffe, a little to the 
weſt of Aſcenſion Iſland, and thence through 
the Ethiopic Ocean, at which places it will 
be noon at the time of es 
ere 
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Here it will be proper to gone the-reader 
a ſhort account & 2: 


Of the. 3 agreement . 
the celeſtial and terreſtrial ſpheres; . 


or, How to gain a perfect idea of 
the ſituation and diſtance of all 


places upon the earth, * the ſun 
and ſtars. | | 


0+ That * of = 3 which 

is in the zenith of London, is perpendicular 
to half the globe of the earth; which half 
comprehends almoſt all the habitable land 
of Europe, Aſia, Africa, and America, with 
their caſts, capes, land, and ſeas; fince, 
under the other celeſtial hemiſphere, which 
we do not ſee at the ſame time, there are 

only very inconſiderable lands and iſles, , 
The inhabitants of Great Britain and Ire- 
land nearly ſee the ſame half of the firma- 
ment adorned with ſtars and planets, which 
at all times ſupply the place of an immenſe 
map of the world; and ſhew our terreſtrial 
hemiſphere by the ſtars, conveying the cor- 
N. 1 Ie 0 4 reſpondent 
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ref] marks of the two men to 
our fight and mind. 

The ſun, by his apparent daily motion, 

ſeems to deſcribe a kind of ſpiral, d | 
from one tropic. to the other and back again, 
continually changing his declination, and 
every day N g a different parallel, 
art. 171. 
Forty-ſeven of Slieſe diurnal parallels are 
drawn on our new terreſtrial globe, art. 177, 
178. between the tropics of cancer and capri- 
corn, repreſenting the parallels for ey * 
gree of the ſun's declination, itz 

Before the reader proceeds, he is defired 
in order to. be perfectly acquainted with the 
cauſe of the daily change in the ſun's decli- 
nation, to go back to art. 18 5, andi from 
thence to the 189th art. | 

Which being done, it will be 40 to 
conceive, that the ſun being in any one of 
theſe parallels, muſt neceſſarily caſt his per- 
pendicular rays that day upon the heads of 
the inhabitants of thoſe places through which 
that parallel of declination palles. 


Note, Although theſe. 47 parallels _ 
eee 


i 


01 jj 5 1310 15 1 


r 
* 9 4 


241 


Celeftial and Terreſtrial Globes. 201 
alſs/parallels of latitude upon the terreſtrial 
globe.” 

From theſe pringſtes' we obtain the ſitu- 
ation of thoſe places, to Which the ſun is 
vertical every day in the year; we alſo find 
the time of that day at the place of any ob- 
ſeryer, from whence looking at the ſun, we 


may pronounce him to be over the heads of 
the inhabitants of divers cities and ftates, 


during the ſeveral hours of that day, ar and 901 
on for every day in the year. 

The ſun being perpendicularly over any 
one of theſe diſtant cities or principalities, 
at the time of our obſervation, if a plumb. 
line be held up between the obſerver and 
the ſun, ſo as to paſs through or before 
the ſun's center, it will cut the viſible 
hoxigon in a point, that will fix the bearing 

or paſſage in a right line from the oblerye 
to that place, upon Winch. the tun is then 
e 


A point thus noted upon the viſible ho- 
rinon may be ſeen at all times, and repre- 
ſent the ſame bearing, independent of the 
ſun and ſtars, and that in fuch a conſpicuous 
manner as to render this knowledge always 


entertaining, uſeful, and intereſting. 


The 


202 Deſcription and Uſe of the 


The ſtars at night perform the ſame more 
copiouſly, by pointing out to our ſenſes the 
e of many remote provinces, at one 
and the fame e of ns, from. our own... 
zenith. N * 
Hence we are in oc ee of a moſt. 
extenſive field, wherein we may. correct and . 
improve our aſtronomical and eee 
knoWRoge::. ini) + 8705 w_ 


Examples of folar correſpondents. ts. 


PROBLEM XI VI. 


To H 10 the folar correſpondence. to 


a fixed point upon the earth, 
when the ſun is ſeen by an . 
ſerver, ſituated upon any other 
2 of i its ſurface. eee 


EXAMPLE I. 


281. Let the anc bon . (or | 
in any of the country places within thirty 
miles of it) upon the 1oth day of March, 
at 10 minutes ner XI oclock in the 


_— 2 4 (4. I 0 El £4 


— 


Celeſtial and Terreſtrial Ghbes. 203 


Quexe, The place upon which: che ſun 
will be vertical at that time? 


Rectify the globe, by brivjfbg the bl 
of March, engraved on the back of tlie 
ſtrong braſs meridian, to the plane of the 
broad paper Circle ; find the ſun's place, 
againſt the day of the month in the kalen- 
dar, which will be about 20 deg. 10 min. 
in Piſces; ſeek theſe degrees and minutes 
in the ſign Piſces upon the ecliptic line on 
the globe, and you will find it fall upon 
the fourth parallel of ſouth declination: to 
all the inhabitants on this parallel, the ſun 
will be vertical that day. Now bring 11 h. 
10 min. on thie equator to the graduated | 
fide of the ſtrong braſs meridian, and you 
will find it cut the fourth ſouthern parallel 


upon the city of Loango, on the weſtern 
coaſt of Africa. 


Therefore if you look at the fan to mi- 
nutes paſt XI in the morning at London, 
you will then ſee him at the inſtant he is 
directly over the heads of the inhabitants of 
the city of Loango in Africa; at the ſame 
time, your ideas are made ſenſible of the 
comparative diſtance, which you ſee in the 
firmament between the zenith of London, 


under 
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under which you ſtand, and the ſup, which 
is then in the zenith of Loango; alſo if at 
the time of your obſervation, you. cauſe a 


plumb-line to be held up between, you and 


the center of the ſun, and caſt your eye 
down towards. the moſt diſtant part of your 


ſenſible horizon, the plumb- line will cut 


a point thereon, which, if remembered, will 
always ſhew you the true bearing or point 
of the campals, in a direct line from your 
ſituation, to that of Loango. | 

This diſtance and * may be nearly 
found by the globe thus: 

Elevate the globe to the latitude of Lon- 
don, that the broad paper circle, may repre- 
ſent your horizon; ſcrew the nut of the 
quadrant of altitude in the zenith, that is, 
upon 51 deg. 32 min, counted from the 
equator towards the elevated pole, bring 
London under that point, and lay the gra- 
duated edge of the quadrant upon Loango, 
which will cut the bearing 15 degrees, 
reckoned from the ſouth. towards the caſt, 
or between the points S E and Sb E; now 
ſeparate the quadrant from the globe, and 
lay its graduated edge upon. Loango and 
London, ſo that the beginning of the grar 


duation may lie upon one of the places, t then 
| the 
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equal to 3360 geographical miles, or 3892 
Engliſh: miles, the diſtance between Lognen, 
and Loango. 36 


To elucidate this example, we > ſhall vive, 

the ſun's verticity over that part-of this'day's 
parallel of declination, which is included 
between the * and ſetting ſun at Lon- 
don for that day. | 5 
lmagine, as we have before copphlec; an 

image of the ſun to be painted upon the 
cieling of the room, directly ox over * 
reſtrial globe. 


Let the globe be retified to the ene 
of March, place the center of the artificlal 
horizon upon London, and bring it into a 
coincidence with the weſt fide of the plane df 
the broad paper circle, now repreſenting the 
edge of the earth's illuminated diſc ; we 
hall then have the poſition of the earth 
with reſpect to the ſun. for that day; when 
the inhabitants of London will be leaving 
the twilight, and paſſing into the firſt point 
of day, or ſun-rifing, at about 18 minutes 
paſt VI in the morning, cut by the gra- 
duated fide of the ſtrong braſs meridian on 


the hour line under the M r at, this 
157 time, 


6 | Deſcription and Uſe of the 
time, the meridian will likewiſe croſs the 
fourth parallel of ſouth declination, in the 
Indian ocean, between the iſland of Sumatra 
and the Maldive Iſles; if we look upon the 


+ ſun that morning at the inſtant of his riſing, 


we ſhall ſee that his diſtance from our zenith 
will then be 90 degrees, he being in our 
horizon, which is equal to 5400 geogra- 


phical or 6155 Engliſh miles, the diſtance 


from London to that part of the Indian Sea; 
turn the globe from welt to; eaſt, until 
8 h. 12 min. are under the horary index, 
which in this caſe is the ſtrong braſs meri- 
dian, and it will cut the iſle Macarenhas, to 


Which the ſun will then be perpendicular; 


at paſt IX he will be perpendicular to the 
coaſt of Zanguebar, his central ray paſſing 
between Monibacca and Pemba; thence it 
paſſes over the kingdoms of Monomugi, 
Macoco, Congo, &c. until he 1s perpendi- 
cular to the city of Loango, upon the 
weſtern coaſt of Africa, at 11 h. 10 min. 
the ſame morning; immediately aſter which, 
his perpendicular rays are abſorbed in the 
Ethiopic Ocean, over which he is 3 h. 
22 min. in paſſing to Fort St. Lucar, on 
the eaſtern coaſt of America, at 32 minutes 


paſt IT in the afternoon ; thence he proceeds 
to 
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to ſend forth his perpendicular rays over the 
heads of the inhabitants of Brazil, acroſs the 
vaſt country of the Amazons and Peru, in 
the decline of our evening, until his arrival 
over Cape Blanco on the weſtern fide of 
South America, a little before he ſets to the 


inhabitants of London, which” is about 
* guy =o? e SA nada 


Exam 1. 


282. Peer reQificatiop beig g obſerved 
28 in the firſt example . What is the place 
upon which, the ſun is a correſpondent at 
48 minutes paſt, VI in the evening of the 
8th of May, the ſun's, place being about 
17 deg. 49 min. in Taurus, or nearly ver- 
_ tical. to the 17th. parallel ol north decli- 
nation on that day? Turn, the globe from 
welt to caſt, until London has paſſed the 
ſtrong braſs meridian, and ſtop when its 
graduated | hide 1s directly over 6 h. 48 
min. afternoon, and it will cut the 17th 
parallel of north declination, i the city of 
Acapulco on the weſtern coaſt of Mexico, 

over which the ſun will then be vertical. 


EXAMPLE 
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ExaMLE HI. 


* 283. Let the, N 2 Clear 

1 weſtern coaſt of Ireland, on the.16th 
day of July, at 54 minutes paſt : in the 
| s. 

Qurxx, The vents upon which the fin 
will then be vertical? ©” 

The ſun's place being in the 24th . 
of Cancer, which-on the globe falls upon 
the 21ſt parallel of north declination, 

Bring Cape'Clear to the graduated fide of 
the ſtrong braſs meridian, and ſet the horary 
index to XII, turn the globe till 8 h. 54 min. 
amongſt the morning hours are under the 
horary index, and you will find the gra- 

duated ſide of the ſtrong braſs meridian to 
cut the 21ſt parallel of north declination 
upon Farrat in Nabia, oh the weſtern coaſt 
of the Red Sea. 

| EXAMPLE Iv. 
* 3 3 obſerver be at: Rome on 
| the 20th day of ee at 37 minutes 
paſt X in the morning. 


Qu xxx, The place upon which the fun 
will be vertical at that time ? 


* 
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The ſun being about 284 degrees. in 
Scorpio, which falls to the ſouthward of the 
20th parallel of ſouth declination, 


Bring Rome to the graduated fide of the 
ſtrong braſs meridian, and ſet the horary 
index to XII, turn the globe to have 10 h. 
37 min. under the horary index, and the ſaid 
graduated fide will then cut, under the 2oth 
parallel of ſouth declination, the city of So- 
fala in the kingdom of Quiteri, to the ſouth 
of Monomotapa, on the eaſtern coaſt of 
Africa. 

We apprehend theſe four wk are 
ſufficient to give the reader a clear idea of 
the ſolar correſpondents to all places within 
the torrid zone, and to enable him to diſ- 
cover ſome thouſands more. 

Although we can have but one ſolar cor- 
reſpondent at the ſame time, yet, as in the 
firſt example, we can trace him through 
his diurnal parallel for every hour and mi- 
nute of the day, and ſo alſo upon every day 
in the year. 

Nothing can be eaſier o or more intelligible 
than this method of improving the mind, 
by repreſenting to the eyes the diſtance - 


from our own zenith to that of every ſpot 
P of 
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of land and ſea within the tropics ; when 
at every fingle obſervation we have it alſo 
in our power to note the bearing of each 
of theſe places upon our viſible / horizon, 
which may be referred to, at all times, when 
the ſun is not in that parallel. 

Let us now change the. ſcene, and. pro- 
ceed from the conſideration of the ſun, to 
that of the ſtars ; which will preſent to our 
view a copious field of geographical know- 
ledge; many of theſe may be ſeen. at one 
and the ſame inſtant of time, when they are 
in the zenith of ſo many different. places 
upon the earth, and then immediately 
afterwards remove from that deſignation, 
to give place for a ens of others. 


Of the celeſtial Fe 


28 5. The knowledge of the celeſtial cor- 
reſpondents diſcovers a new ſyſtem of aſtro- 
nomical geography. The perfect agreement 
between the celeſtial and terreſtrial ſpheres 
conſtitutes this ſyſtem; which may with very 
little trouble be underſtood, by making the 
ſtudy of one a guide to the knowledge of the 

other; 
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other; the object of this correſpondence is 
the continual variation between the parts of 
the celeſtial and terreſtrial ſpheres. 
Geography alone being eaſier than aſtro- 
nomy, has generally a particular place in 
the education of young ſtudents, who ſel- 
dom leave their juvenile ſtudies without 
gaining ſome idea of the four quarters of the 
world, a flight notion of the ſituation of 
places with reſpect to each other, and a 
ſketch of the principal empires; but gene- 
rally without any application to the ter- 
reſtrial, and ſcarce ever a compariſon of that 
with the celeſtial globe; and without feeling 
a lively curioſity to become acquainted with 
theſe neceſſary and improving branches 
of ſcience. 

To facilitate the ſtudy of geography, it 
has always been neceſſary to lay maps and 
charts before a pupil, which are generally 
ſeparate plans of different countries. But 
what idea do theſe afford of the vaſt extent 
of the earth, of its ſpherical form, or of the 
proportionable diſtances, real bearings; &c. 
of the empires, kingdoms; and ſtates on the 
habitable part of our terreſtrial globe? 


P 3 How 
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How much more intelligible and juſt are 
the proportionable diſtances of the fixed 
ſtars, when compared with the natural diſ- 
tances of the ſeveral places upon the earth, 
over which they dart their perpendicular 
rays; thereby conſtituting this new ſyſtem 
of aſtronomical - geography, by ocular de- 
monſtration ? They are faithful teſtimonies 
of the vaſt extent of the univerſe, and they 
declare the diſtance, bearing, and ſituation 
of all places upon the earth. 

By theſe means, together with the aſſiſt- 
ance of maps and charts, ſuch. a copious 
and clear idea of. geography will be attained, 
and its natural principles ſo firmly eſtabliſh- 
ed, as never to be eraſed. | 

The. conſequences to be drawn from 
theſe principles are entirely in favour of the 
harmony between the celeſtial and terreſtrial 
ipheres. 


Of the paſſage or tranſit of the firſt 
Point of Aries over the meridian. 


286. This point determines the apparent 
daily motion of the heavens, and fixes the 
continual difference in the courſe of the ſun 
and ſtars, 


The 
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The knowledge of that particular point 
on the terreſtrial equator, where its inter- 
ſection with the celeſtial ecliptic happens 
to fall at- the time of a vernal equinox, 
points out that place upon the earth to which 
the ſun is vertical at that time; and from 
the knowledge of this we obtain the time of 
its paſſage over any meridian upon the globe, 
for every day of the year. 


The conformity of the degrees of right 
aſcenſion, with thoſe of terreſtrial longitude, 
happens but upon one moment of the 24 
hours, in a natural day ; when the firſt point 
of Aries is- on the meridian of London, 
the firſt degree of right aſcenſion is on this 
meridian alſo ; and the fignal to confirm 
this is, when a ſtar of the ſecond magnitude 
marked y near the extremity of the wing 
of Pegaſus, is upon the meridian ; at that 
inſtant, the equinoctial colure will be upon 
the meridian alſo; for this colure paſles 
through the firſt point of Aries and that 
This is the moment, in which each of 
the 360 degrees of right aſcenſion in the ce- 
leſtial ſphere, is perpendicular to every like 
degree of terreſtrial longitude; at which 

oh time 
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time there is a perfect paralleliſm and per. 
pendicular correſpondence of all the circles, 
points, and lines, in both ſpheres. 

To this we have paid a particular regard, 
in the conſtruction of our new globes, by 
numbering the degrees on the equator of 
the terreſtrial globe, with an upper row of 
figures in the ſame direction, as thoſe of 
right aſcenſion are numbered upon the ce- 
leſtial globe. | 

If from that inſtant of time, when the 
ſtar of Pegaſus is upon the meridian, we 
conceive the ſtars to be immoveable, and 
that we, together with the globe of the 
earth, are turned from weſt to eaſt upon the 
equatorial axis, we ſhall perceive our own 
meridian to paſs ſucceſſively under every de- 
gree and ſtar on the celeſtial equator. 


287. And that the reader may thoroughly 
underſtand what is meant by this uniformity 
in the two ſpheres, let him imagine the 
celeſtial globe to be delineated upon glaſs, or 
any other tranſparent matter, which ſhall 
inveſt or ſurround the terreſtrial globe, 
but in ſuch a manner, that either may 
be turned about upon the poles of the 
world, whilſt the other remains fixed i 

an 
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and ſuppoſe the firſt point of Aries, on the 
inveſting, globe, to be placed upon the 
firſt point of Aries on the terteſtrial globe, 
(which point is in the meridian of London) 
they will then repreſent that ſituation of the 
heavens and the earth, we have been juſt 
deſcribing, on that inſtant, when the firſt. 
point of Aries is upon the meridian; and 
then every ſtar on the celeſtial will lie upon 
every particular place of the terreſtrial globe, 
to which it is a correſpondent ; each ſtar will 
then have the degree of its right aſcenſion 
directly upon the correſponding degree of 
terreſtrial longitude ; their declination will 
alſo be the ſame with the latitude of thoſe 
places upon which they lie. * e HS 
Now if the reader conceives the celeſtial 
inveſting globe to be fixed, and the ter- 
reſtrial globe to be gradually turned from 
| weſt to caſt, he will readily underſtand, as 
the meridian of London paſſes, from one 
degree to another under the inveſting ſphere, 
that every ſtar thereon becomes a corre- 
ſpondent to another place upon the earth; 
and fo on, until the earth has completed one 
diurnal revolution, or till all the ſtars, * by 
their apparent daily motion, have paſſed over 
th P4 every 
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every meridian” of the terreſtrial globe, 
Hence / ariſes an amazing variety in the 
harmony of both ſpheres. 
If the ſun and a ſtar paſs the meridian 
on any particular day, the next day the 
ſtar will precede the ſun about 4 minutes; 
in two days the acceleration of the ſtar with 
reſpect to the ſun will be about 8 minutes, 
in 4 days 16 minutes, in 8 days 32 mi- 
nutes, and in fifteen days the apparent 
motion of the ſtar will be accelerated one 
hour, whilſt the ſun, with reſpect to the ſtar, 
will ſeem to be retarded one hour; in one 
month the ſtar will be two hours before the 
ſun, in three months ſix hours, in ſix months 
twelve hours, and in one year twenty-four 
hours. 
Soc that a year after the ſun and ftar have 
1 crofſed the meridian together, they will meet 
again nearly at the ſame time; but the 
ſtar, inſtead, of ſeeming to make 365 revo- 
Jutions, will have made 366, one more than 
the earth to the ſun in a year, 

The right aſcenſion of the firſt point of 
Aries, is the complement of the ſun's right 
aſcenſion to 360 degrees of the equator, or 
to the 24 hours of a natural day : this is the 


point 
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point, from which the right-aſcenſion-of the 
fun, ſtars, and planets is always reckoned. + . 

The reader will pleaſe to obſerve, that 
in ſpring and ſummer, the firſt degree of 
right aſcenſion, which is the firſt point of 
Aries, comes to the meridian with us before 
noon ; there are no ſtars then viſible in the 
night, but thoſe which follow the firſt point 
of Libra; that is to ſay, thoſe ſtars which 
have more than 180 degrees of right aſcen- 
fion : in autumn and winter thoſe ſtars are 
viſible in the night, which follow the'firſt 
point of Aries, haying leſs than 180 degrees 
of right aſcenſion. 

Obſerve alſo, that the interval between 
the paſſage of the firſt point of Aries over 
the meridian of any place, and that of the 
firſt point of Libra over the ſame meridian, 
is not 12 complete hours, but only 11 
hours 58 minutes, to which attention muſt 
be paid, leaſt theſe two minutes thould be 
miſtaken, 

By the paſſage | of the Sat wee the 
meridian, we are taught the knowledge of 
thoſe degrees of the equator, which are then 
riſing and ſetting ; for that degree which is 

| 17050 | ſetting 
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ſetting precedes that on the meridian go de- 
grees, or fix hours; and 180 degrees or 
twelve hours that which is riſing ; and that 
degree of the equator, which is on the me- 
ridian under the elevated pole, is 180 de- 
grees Ae From that paint of i which 
paſſing weitem. et Bun 2121 | 


PROBLEM XLVII. 
To find the time of the right aſcen- 
ſion of the firſt point of Aries 
upon any meridian. | 


288, We have already ſhown hpi an eaſy 
calculus; how to find the times of equinox 
to any meridian, but we have not yet ſhewn 
their application to the right aſcenſion of the 
firſt point of Aries. 

The diurnal difference of right aſcenſion, 
at the time of a vernal equinox, is 3 min. 
38 ſec. which we have formed into a table; 
entitled, The horary difference in the 
** motion of the firſt point of Aries at the 
«time of a vernal equinox ;” to which is 
* © A table of the difference of the 


/ cc <* paſlago 
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te paſſage of the firſt point of Aries over the 
« meridian for every day in the year.” 


The ok of the tables of right 


aſcenſion. 


289. Having found the time of any ver- 
nal equinox, and transferred it from the 
fixed to your own meridian by the addition 
of your meridian diſtance, * 

Take out of the table of horary diffe- 
rences, the motion anſwering to the hours 
and minutes of the time of the vernal equi- 


nox, and their ſum will be the time of the 


paſſage of the firſt point of Aries over that 
meridian ; the day on which, but before, the 
equinoCtial interſection happens. 

N. B. In taking out the numbers from 
this table, reject the thirds, if they are under 
thirty; if they exceed thirty, add one to the 
minutes found in the table. | 


A. D. 1769, the vernal equinox falls on 
March 19th, 19 h. 37 min. 
Y min, ſec. 
hours 19 2 53 
mn, 37 0 6 


Right afcenſion of Y ©, up- | 
te che 4% K. 59 paſt noon, 
| A. D. 
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A. D. 1770, the ſun will enter Aries March 
20, 1 h. 26 min, 4 
min. ſec. 
hours 1 © 9 
min. 26 0 4 


— D — 


Right aſcenſion of Y O on 
g the equinoctial day, at To 13 paſt noon. 


A. D. 1771, the vernal equinox fall on 
March 20, ** 15 min. ENF 
min. ſec. 
hours 7 1 4 
min. 15 O 2 


Righta aſcenſion of I © on the 
equinoctial day, at | br r G6 paſt noon. 


A. D. 1772, the ſun will enter Aries, March 
I 9. 13h. 4 min. 
min. ſec. 
hours 13 1 58 
min. 4 0 1 


. 


The right aſcenſion of the firſt point of 
Aries, — found for the day on which the 
equinox happens, holds good for the whole 
year, and is to be added to the difference 
of the paſſage of the firſt point of Aries 
over the meridian found againſt the day of 

the 
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the month ; and their ſam will be the time 
of day when the firſt * of Aries will 
paſs the meridian. 

Obſerve when the equinox falls on the 
19th day of March in a year which is not 
biſſextile, to ſeek the day of the month in 
the right hand column of the table; and 
'when it falls upon the 2oth day of March, 
ſcek the day of the month in the left hand 
column, over which in either caſe, and under 
the name of the month, you have the proper 
difference of right aſcenſion to be added to that 
found above for the day of the equinox. 

In biſſextile years, ſeek the day of the 
month in the left hand column, to the end 
of February, and for the intercalary day, or 
29th of February, take out the difference 
of right aſcenſion anſwering to the firſt of 
March, after which to the year's end ſcek 
the day of the month in the right hand 
column, 

Having thus found the right aſcenſion of 
the firſt point of Aries for any day in the 
year, add thereto 11 h. 58 min. and you 
obtain the time of the right aſcenſion of the 
firſt point of Libra, 


| EXAMPLE 
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Exanbre 1. 
A. D. 1769, equinox March 19. | 
4 qr h. min. ſee. 
Jan. 23, 3 23 24 


Right aſcenſion 1 ©, 3 26 23 


Nov. 14, 8 36 31 


Right aſcenſion Y ©, 8 39 30 


ExAMPLE II. 


A. D. 1770, equinox March 20. 


h. min. ſec, 
Feb. 25, 1 24 52 
13 

Right aſcenſion Y O, 1 25, 5 


— — 


Oct. 18, 10 26 6 
Weer. 


— _—_ 


— 
L ——— 


Right aſcenſion YO, 10 26 19 


Ex aul 
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| EXAMPLE I. 
A. D. 1771, equinox March 20. 


h. min. ſec. 
3 12, 4 22 46 
ere 
Right aſcenſion Y ©, 4 23 32 
Decem. 16, 6 22 58 
I 


Right aſcenſion T0, 6 24 4 
EXAMPLE IV. | 


A. D. 1772, equinox March 19. 
Biſſextile year. 


Feb. 28, 1 13 35 


Right aſcenſion Y ©, 1 Is 134 
The intercalary day, Feb. 29. 9 59 
I 


Right aſcenſion Y O, | 1 11 49 
March i, 1 6 7 


Right aſcenſion 1 ©, 1 8 * 


Auguſt 28, 13 28 17 


Right aſcenſion TY O, 13 30 16 
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Theſe four examples are quite ſufficient, 
if the reader-compares them with the * 
and precepts. 
In the We and 43d * art, 260; 
261. we have ſhewn how to find the hour 
that any known ſtar comes'to the meridian ; © 
and alſo to find the time of the year any ſtar 
paſſes the 'm&ridian' at any hour propoſed, 
but in that place we were not prepared 
to apply the right aſcenſion of the firſt point 
of Aries, ſo properly for an obſervation of 
the ſtars, as by the following 


| PROBLEM XLVII. 


To Py the time of the right aſcen- 
ſion of any ftar, upon any par- 
ticular meridian, on any day in 
the Year. 


290. Firſt find the time of the right af. 
cenſion of the firſt point of Aries, art. 288. 
by problem 47. agreeable to your own 
meridian. 

Then apply to the celeſtial globe, and 
bring the given ſtar under the graduated 


fide of the ſtrong braſs meridian, which will 
MEANS &* | cut 


| 
| 


Celeſtial and Terreſtrial Globes: 225 
dut its right aſcenſion, or rather its diſtance 
in time of degrees, upon the equinoctial; 
| add this quantity expreſſed in time to the 
right aſcenſion of. the firſt point of Aries, 
ind . will obtain the time of the paſſage 
df that at re the mer very ear the 

truth, Thus or 
The ſtar marked y in the head of Draco, 
will have 268 degrees, or 17h. 52 min. 
of right aſcenſion or diſtance from the firſt 
point of Aries, art, 276; which added to the 
right aſcenſion of tht point for the 1 3th 
tay of July, A. D. 1772, gives the true time 
of its right aſcenſion that evening: at 10 h. 
12 min. this ſtar will be over the heads of 
the inhabitants of London at that time, its 
declination being 51 deg. 32 min. equal to 
the latitude of this capital city. 

Note, In this method of working, when 
the hours exceed 24, deduct 24 hours 
therefrom, and rage — the true tie 
fought: | 


@ PROBLEM 


To teAify the Celta! Elche r any 

: dime in the evening of any day 
in the year, by the knowledge 

of the time when the firſt 

x, . Atjes ſhall pak the Theta 
chat day. ER. PRA 


291. As the degrees and N upon the 
equinoctial line on our new globes, are 
numbered from the firſt point of Aries, 

Firſt find the right aſcenſion of that point 
by problem 47, art. 288. for the given day, 
and rectify the globe to your latitude, art. 189. 
then bring the firſt point of Aries upon the 
globe, under the graduated fide of the ſtrong 
braſs meridian, and ſet. the horary index to 
the hour and minute of the of Aries 
o, firſt found : turn the globe until the given 
hour is under the horary index, and place it 
due north and ſouth by the mariner's com- 
paſs, attending to the variation of the needle, 
and you will have a perfect repreſentation 
of the ſtarry firmament, not only for that 
ne buy as . as you pleaſe to apply 
* g yourſelf 


yourſelf tothe 2 of the ſtars that 
evening; by only moving the globe to any 
„ eee ee nnn 
time advances. 

Thus on the gh ef Fobraary, A; D. 
1770, about 46 minutes after V. in the 
evening, the ſtar: called Al- debaran, or the 
Bull's-eye, will be ppon the meridian” of 
London, er places adjacent; about VI o'clock 
that evening, Orion will begin to paſs the 
meridian, and preſent a glorious view tothe 
eyes of the obſerver, there being ſo man 
eminent ſtars in that conſtellation, then ſuc- 
cellqoaly poſting. over -the meridian veal + 
Chariogeer, will ho petting the — at 
the are time ; after which. Canis Major will 
ſucceed with Syrius, the.Dag-ftar, at the ſide 
of his gay; then Cams Minor and Gemini 
or the Twins will follow, and ſo on for the 
temainder of the night. This appearance 
may che obſerved ſeveral months, bat at, dif- 
ferent honrs/in the night, Which omen he 
found by this: problem. | N '# 

Alfo on the 8th of Maydn.the ſean, 
the firſt point of Aries:will-paſs our meridian 
at ao h. 58 min. ,29.fec. but if -we':reckon 
Q 2 the 


228 Deeeriprim and Ie ef the 
che hours from might,” at 58. minutes 
paſt VIII in the morning, at which time no 
ſtars can be ſeen ; thereſore we muſt have 
recourſe to the right aſcenſion of the firſt 
Te ward ee „r b. 
0 bt ak 
8 N 20 58 29 , 
FOE An | r wr I 


\ * 


ä 


| 32 56 29 
tat ne ae 


The right aſcenfion IE 


= of Libra, A. D. 1770, 
ns a. » 20 


12067230; 43 


$50, 29 in the 
| evening. 
| Now in the precep to'this Sy read 
Libra inſtead of the word Aries, and the 
Tule=will bold good In this as well as/in th 

firſt caſe. Therefore, 2323 
| | Bling de erg point of ebe er 
duated de of the Rrong braſs meridian, and 
ſet che h6rary index to 56 minutes paſt VIII 
in the evening, tutn the globe until the ho- 
rary index points to 10 minutes paſt Xx 
clock, and yon wilt gbd be ftar call 
alas — the Grit 
Bl marked a, upon the meridian at 
— that 
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that time. If you then look at the firma - 
ment, you will ſee the conſtellations Cancer, 
the head and wings of Virgo, on the weſtern 
ſide of the meridian; and on the eaſtern ſide 
thereof, the Ballance, Scorpio, Bootes, Her- 
cules, &c. ſucceſſively following the firſt 
point of Libra in their: 80 over 1 
man U 


bf.  conchondene it the. ed 
ſtars. e Ma 


2 92. Before we attempt an obſervation of 
this kind, a ſignal or warning ſtar muſt be 
firſt obtained; that is, ſuch a ſtar is to be 
ſought, as ſhall have the ſame or nearly the 
ſame quantity, either in degrees or time of 
right aſcenſion, reckoned from the firſt point 
of Aries, as the place, over which any other 

ſtar ſhall then happen to be a correſpondent, 
ſhall have of longitade, reckoned. caltrard 
of London. 
It has been * thatdeclination i in che | 
celeſtial, and latitude on the terreſtrial, globe, | 
mean one and the ſame thing, both being 
Funn their diſtance from the equator; 


Q 3 conſe- 


* t Ji 1 
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ently, if 'the declination of any ſtar 
is equal to the latitude of any place, that 


ſtar, by a line conceived to be drawn from 


it to the center of the earth, will deſcribe the 
parallel of that place; whence it becomes 
a correſpondent, not only to that particular 
place, but alſo to all thoſe places which lie 
in the fame parallel of latitude, by paffing 
perpendicularly over them all once every 24 
hours. But as a preparation, we muſt firſt 
ſhew, by the following problems, how to 
find thoſe places to which any ſtar is a cor- 

reſpondent, and thoſe ſtars which are cor- 
reſpondents to any place: 


— 4 


Pry PROBLEM TT HEY 


To find all thoſe places to which any 
ſtar is a correſpondent. | 


293. Firſt god the declination of the ſtar 
on the celeſtial globe by problem V. art. 55. 
and remember whether it be north or ſouth; 
count the ſame number of degrees upon the 
ſtrong braſs meridian of the terreſtrial globe 
the ſame way from the equator, and note 
the place by holding the edge of a card 
thereto ; nen from eaſt to weſt, 
and 


cala end Trait, G.. 2g 
and all thoſe places which paſs under that 
point, will be correſpondents. ta that ſtar, 


e they will be 1 th from 
| . of the 45 1 9 very 


place upon its "ſurface, to which the ſtar is 
at that time vertical. Thus, 17 

The declination of the ſtar marked » , in 
the head of , is gr deg. 3 2 min. equal 
to the latitude of London; Weener this 
brülllant ftar of che fecond magnitude may 
be called the ſtar of this metropolis, without 
being deprived of its own. name ; it may 
likewiſe take the name of any other place 
in the parallel of London, 

The reverſe of this problem being to 
find all the ſtars which are correſpondents to 
2 up , is fo ealy as to requi e no far- 

explication, than that of Pt lying” firſt 
to = ig on globe, f 

The apparent djurnal motion of one ſtar 
only; will ficcellively ſhew its perpendicu. 
ry Bod various countries, as go by 


— 
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ad Q 4 A general 


el the Tae Pune Yin Fi —.— 
of the conſtellation Draco, . oer 
dhe parallel of” London. | 


: 264. Thi cit traces: FS parallel 
of London, and is a ſtar; of perpetual appa- 
rition to the inhabitants of the Britannic 
Illes ; it comes upon the meridian of London 
with the 265th. degree of right aſcenſion, 
and is at that time direQly perpendicular to, 
or oyer the heads of, the people in this city, 
two minutes of an hour after its warning 
ſtar marked k i in the milky was, has paſſed 
the meridian. . 

" Now, This far marked kj is the Gouther- 
moſt, of a group of five. ſtars, ſituated -be- 
ir e Peas of. Serpentarius : and So- 

{kis..ſhigld,, Which in the firmament ap- 
pw nth tarp een . as may be 
ſeen. upon the globe. 

The declination, of our correſpondent ſtar 
1 in the bead of Draco, is 51 deg. 32 min. 
equal to che latitude of London; with which 

apply to, the terreſtrial globe, and bring 


Later the graduated fide of the frog 
| rats 
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braſs meridian, and ſet the edge © of a card 
"hettts, holding it to thie braſs: "meridian 
[with your right bend, while you gradually 
turn the globe from weſt to eaſt with the 
other hand, and that point of the card which 
is upon the globe will then ' repreſent the 
interſection of that line upon the ſurface of 
the earth, which we have ſuppoſed to paſs 
from the center of the earth to the ſtar; 

and as this point, though at reſt, paſſes over 
che parallel of London upon the globe, fo 
does the central tray, proceeding from the 
ſtar, really paſs oyer every point of land, and 
ſea, upon that part of the earth which is 
circumſcribed by the parallel of London. 


Thus you will ſee the ſtar marked 1 in 
the head of Draco, paſs from London over 


the road to Briſtol, and dart its perpendi- 


cular rays upon that city ; then crofling the 
ſea, it reaches Ireland between Kinſale and 
Cork, and leaving that kin gdom. „ will ſhine 
over the Atlantic Ocean, until it is perpen- 
dicular to the north cape of Newfoundland; 

whence it will be vertical to Efkimds, and 
paſs between lake Achona and the northern 
coaſt of the gulph of St. Lawrence, then 
it 1 croſs St. James's Bay, Kriſtino, &c. 


and 
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aud pals; weſtward, over a,yaſt ſpace of land 
but little known to the Europeans; thence it 
will leave the weſtern coal} ol North Ame, 
rica, to ſhine. upon the northern part of the 
Pacific Ocean, until it, is perpendicular to 
ſeveral. iſlands, one of which is called St. 
Abraham; it crofles the ſouthern land of 
Kamkatſka, and the iſland Sangalien ; 5 
thence. it becomes perpendicular to the con- 
tinent . near , Telmen on the caſt 25 of 


Nea i in Chinele Tartary, and ſo pro- 
ceeds to ca its perpendicular rays over a 


vaſt country in Aſia, being ſometimes a 
zenith point to the Chineſe, at other times 
to the Ruthan bs, and. paſſing, over 
Bielgorod, becomes vertical to Muſcovy, Po- 
land, Germany, and Zeland, and ſo croſſes 
the ſea again to return to its perpendicu- 
lari over the city of London: all which is 
med by the earth's diurnal motion in 
0 ſhort a time as Fwenty-three hours and 
fiſty· ſix minutes. | 


When a beginner has been thus exerciſed 
with the general paſſage of two or thres 
principal ſtars'over_ their correſpondent pa- 
Tallels on different parts of the earth, his 
Le greatly improved, {pat ape 


and 
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aud charts may then be laid before: him with 
in order to conſirm him in the 
very parallels, of Which he 11 
e a ane, _ mr 


6 IH] — PIETY 


PROBLEM IL. 


To bod. a Ganal-or 3 
chat ſhall be upon or near the 
meridian of an obſerver, at the 
time any known ſtar is perpen- 


dicular to any place on in cor- 
reſponding parallel. is | 


295. Bring the given. — to the gra- 
duated fide of the ſtrong braſs meridian on 
the terreſtrial globe, 40 it will cut the de- 
grees of its longitude, reckaned eaſtward 
from London, upon the upper row of ores 
over the equator ; then 


Apply to the celeſtial globe, and ſet the 
grew. ſtar under the graduated fide of the 
ſtrong braſs meridian, which will cut the 
NE of its right aſcenſion. on the equi- 


Dinan Us of the 
— — is * 
cf the given place, ſubtract the! terreſtrial 
Wage Such -the-right -aſcenfionsiof-the 
ſtar; if eaſt, add the longitude, and move. 
the celeftidt globe, till tire ſurn or refidue 
thereof is under the graduated ſide of the 
ſtrong braſs meridian, and then that fide 
| will be directly over thoſe | ſtars which 
ate upon, or Rave Juſt paſſed, or are not 
quite come up; to the obſerver's meridian,” at 
the moment the given ſtar is vertical to the 
place propoſed; either of which will correct- 
ly anſwer the preſent purpoſe, and become 
the fignal or warning ſtar; that upon its ar- 
rival on the meridian, will declare the given 
ſtar to be vertical to the place aſſigned. 


1 Thus let the obſerver be in or near Lon- 
don, and the bright ſtar in Lyra, or che harp 
of the. firſt malinitris' be given, it is called 
Vega, and marked «:" this ſtar is a corre- 
ſpondent « to the ſouth welt cape of the iſland 
"of Sardinia i in the Mediterranean. 8 


2200) 


248] The longitude of this. gere * Lin 
is 9 degrees, and 555 Ae aſcenſion of the 

_ſtar Ve B79 egrees, as ndon is 
"We | of Sar 6 


z, 9 degr 255 rees '(ubttafted from 


77 ets 23 208 Veftees of right 
J aſcenſion, 


Y 
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| aſcenſion; to whichthe-celaſtial globe being 
ſet, the graduated ſide of the W A 
meridian will be found directly over the ſt 
7 in Draco, and alſo over a ſtar of the fo 
magnitude in one of the heads. of Cerberus. 
Theſe are eminent ſignals, and, bath upon the 
meridian, when at the ſame time the ſtar 
marked 0, in the knee of Hercules, will have 
paſſed the meridian about two minutes of an 
hour, and the ſtar marked P, of the Foun 
magnitude in the milky way, w will want about 
two minutes of an hour of coming to it... #1 
© Hence when the Rar marked 75 in the 
head of Draco, ſends forth its perpendicular 
rays upon the city of London, the ſtar Vega 
in Lyra will, alſo be perpendicular to the 
8. W.c cape of the iſland of Sardinia, At which 
time an obſeryer at London will be ſenfible 
of the diſtance, between, the zenith. of. the 
two places, and may note. the bearin pf 
 Sardigia from London, Tear his fenhb] 
horizon, to which he may 5 er at any We 
in the day. An obſerver at Sardinia may note 
"the fame 5 reſpect to "the ARE and 
bearing of London fi from bith. % b 0 


ii Qt Qt 7 
To excite ſtudents who habe zn alpiring 


emulation 00 improve themſelves" LY this ex 
” 6 4 


© 3 
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tenſwe ſcienoe of geography and aſtronomy, 
the principal requifites whereby they may 
acquire univerſal knowledge, we ſhall pro- 
Sed to Muſtrate this - Hem of che natural 
agreement between the celeſtial and ter- 
reſtrial ſphetes, A — ex- 
. 


et = 


4 — WITS 7 in 4 
head of Draco 1 . perpendicular 
to the city of London, the twelve 


following ſtars may he ſeen from 
thence at the ſame time, when 
they will alſo be perpendieular to 


as many places upon the earth. 


| 296. The figndl or warning 17 

the head of Draco, which — * et 
merician with the 268th degree of right 
aſcenſion ; ; it will be vertical to 5 city of 
London two minutes of time, after che far 
marked k, in the milky way, near the equi- 
nox, has paſſed the meridian, at which time 


the twelve following ftars will be vertical 
* Un places they ftand againſt. 


27S 


Weſt 
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of London. 
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hk 


1 pentarius 8 
ica Virginis 
4 ed ade 


Dr 
[+77 Vega, in Lyra, [olz8; 
: . | 
1295 [Atair, Eagle's neck 


1 


8 Frontiers of * 
, 


nin aud Nigritia, > | 


% Darn and Us of the | 

The uſe of a warning ſtar is to point 
out the true time of the phcenotnenon, which 
is to be firſt nearly found by obtaining the 
time of the right aſcenſſon of that ſtar for 
the evening, on which the obſervation is 
intended to be made. 
| This table of correſpondents was formed 

as follow: 
The tight aſcenſion 1 declination of 
the ſtars was found in round numbers upon 
the celeſtial globe, and written in two co- 
lumns, inclofing the names of the ſtars; 
the columns for the names of the corre- 
ſpondent places being left blank for their in- 
Next, as the longitude on our new ter- 
reſtrial globes is numbered both ways from 
the meridian of London, whatever the right 
aſcenſion of the ſignal ſtar may happen to 
be, that point of the celeſtial ſphere is like- 
_ wiſe conſidered to be upon the n of 
London. Therefore, © 
Io gain the longitude i in the laſt column 
of the table, if the given ſtars were eaſt of 
the ſignal, the right aſcenſion of the warn- 
ing ſtar was ſubtracted from the right aſ- 
— of the given ſtar, ; 

But 


Celeſtial: and Terreſtrial Ole a4 
But the weſt longitude: was obtaiged bỹ 


ſubtracting the right aſcenſion of . , 


ſtars from that of the ſignal. / | N. rr 
The reverſe of this —— is to find) 
what ſtars. will be perpendiealar to any place 
upon the earth, a warning ſtar being known, 
that ſhall be upon the meridian of an ob- 
ſerver, when the ſtars. to be ſought ſhall be 


vertical to the places aſſigned, which the 


reader will: eaſily Fenn what has 


been already ſaid. is eigenes 

When a ſtar ig —— be perpendi- 
cular to any aſſigned place, its correſpon- 
dence to that terreſtrial point may be equally 
affirmed, to all thoſe who can ſee it at that 
inſtant from any part of the earth, or ſea, 
they may then happen to be upon. 

If an obſerver in Palmyra, 3 in 13 
middle of the Mogul's empire; a third at 
Levata in Africa, and a fourth at Chapa in 


"©. 
* 
2 


Mexico, ſhould: look at the ſtar y, in the --- 


head of Draco, the moment it is in the ze- 


nith of London, they will ſee its corre- 
ſpondence to that metropolis at one and the . , 
ſame inſtant of time; their hour only. will 


be different according to the difference of e F 


meridians, - as thoſe places are ſituated either 
eaſt or well from London. 


R The 


„Dee hn, wid Up of the 

— fignal or warning ſtar to each of 
theſe places, is the perpendicularity of that 
ſtar expreſſed i in ef OY —_— of 
twelve ſtars. 

From the eee ebe of theſe 
ſtars in the catalogue, may be ſeen the other 
twelve ſtars, hen tliey are ſhining over the 
heads' of the inhabitants of all _ 880 
countries therein namect. 

This conſtitutes the ſyſtem ef iRronomi- 
cal geography before ſpoken of. It affords 
us a real aſſiſtance from the heavens, where- 
by we not only ſee the marvellous diſtances 
of a multitude" of celeſtial bodies, compo- 
ſing that part of the univerſe, which we are 
permitted to behold; but it alſo enables us 
to comprehend the diſtances and bearings of 
the moſt remote countries from Wan Point 
of on earth n which we 


Exanvie Il. 


4009. When the bright ſtar de in 
the head of Caſtor, is upon the, meridian of 
London with the 11oth degree of right aſ- 

cenſion, the twelve following correſpondents | 
will be vertical to the ** annexed. 


Weſtward. 
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ich 1 g]P:Walesfor, Hud. 0 


52 Eſkimos 


ſons Bay 4 
mans 5c, 


L. Otter an 
Pitetibi, North 
America 


Lawrence 
and Coaſt of 
Olinda 


Theſe ſtars are viſible in the months of 
Meg, . and March. 


R 2 
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ExAMPLE- III. 


298. When the-bright — in 
the ear of corn, which the Virgin holds in 
her hand, called Spica Virginis, is upon the 
meridian of London with 198 degrees of 
right aſcenſion, the following twelve ſtars 
will be vertical to the n * 9 the 
along table. | 


Ate. | "| and | 
Firſt ſtar inthe foot . of Tres 5 * 
of Caſtor 5 5 ai. Þ rias, New Spain 
113]Head of Pollux *'p|2g Sea near C. 2 2 
; J. did. Florida 4 
's heart 73 Yamari, a Branch 7 
| of the Amazo- (61 
1 . Wer 1 
egulus, Lyon's 7. Sea 12 E the 
heart. $3] Antiles - $1 49 | 
175 Lyon's tail, Alaſad 'þ|16 [Near Bonaviſta, C. I 
n * I] Verd Iſles r: 23 
191|Firlt in tail Great . {Weſtern Iſles of 
een 57 Scotland 7 
— . At | Mg 
{ (4 -\ : 3 
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" - — 2 — 


| il Pruſſia 
243jScorpion's heart « 250 8. Coaſt of Mada- 


aſcar 
12 the Caſ- N 51 


” EE” % j * Pian Sea $3" þ 
277Vega, in Lyra a 3 Coten, in Tartary | 79 | 
290 Albiero, theSwan's If Þ atToudfang. in Thi- 2, 
- Þ beak © [ 2 bet Major 92 
2940 Atair, in the Eagle «| n of Ma-þ ; | 
Coaſt of Ma- 9? 
| Jacca 3 


This phœnomenon may be ſeen in the 
* of = May, and June. 


ExAMPLE IV. 


299. When the 28 gth degree of tight 
aſcenſion is upon the meridian of London, 
ſignified by one minute of an hour after the 
ſtar marked 9 in the ſouthern wing of the 
Eagle has paſſed the meridian, then the 
twelve following places will have the annex» 
ed ſtars in their zenith. 


| R 3 Weſtward, 


236A ſtar in Scorpio 
240|Handof Serpentarius 
| * * of Hercules 


T. 
94 
* 


* 


'2 
; 


A. | on | 


Collao, in Peru 


2 7. America 
py of Brazil 
+ of K. 


Michael, 
in = 2008. 


2 


359 
360 a lar i in Pegaſus 


Side of Cepheus |þ 


Firſt in the head 2 
of Cepheus 
Markab in Pegaſus 


o Andromeda's head 


* 


[Shoulder of Amar 


Fro Sea near Ile 


Wardus, Laponia 
Between Sio and 


=D 25 


5 


27 Sea Coaſt, in Per- 


Null, 4 9 E, of 
Moſcow 


fian Gulph 


inas : 


— — _— 


TY 


= WW 


Theſe ſtars may be obſerved in the months 
of July, Auguſt, and September. 
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Ex AMB V. 


300. When the ſtar marked 8 in the 
ſide of the Whale is upon the meridian of 
London, with 18 degrees of right aſcenſion, 
the twelye tolowing, ſtars will be ht oF 
1 che annexed a dab 


| ad. Sabie Weltwatd, 
an Lon 
$ beak d * 
N . 8 Je $ 88 
f irſt in the Swan's ! a 80 1 
5 | 
7 ts 
331]Head of Cepheus 560N. Sea, E. of La- I 
4 15 | -brador (| 47 | 
341|Fomahaut, mouth Middte of the At. | 
| of Piſces Notius | | lantic Ocean 37 


* 


R 4 Eaſtward. 
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— * * = 64 3 4 
Aſc T4 | | 4 LS 5 

02:9, 266 
27 Almaak, foot of 


Andromeda 
42 Shoulder of Perſeus | 


43 [Menkar, Whale's 
mouth 
53 [The Pleiades 


96 North foot of Pollax | 
— Dog 


The ſtars in this example may de wen in 
the months of October, November, . 
December, i 


N 


- PROBLEM LII. 


The. F of the harveſt 
1 Ro. | 147 moon. | 


0 —a - 


301. When the moon is at or near the 
full, about the time of an autumnal equinox, 
the riſes nearly at the ſame hour for ſeveral 
nights together : this phenomenon is call- 
ed the haryeſt moon. 

To account for this upon the celeſtial 
h ft the artificial ſun upon the firſt 


point 
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point of Libra, where the ſun muſt neceſ- 
ſarily be at every autumnal equinox, and 
place the artificial moon upon the firſt point 
of Aries, where ſhe muſt be, r e 
ſhould happen at that time. | 5 

Rectify the globe to the Pino of a aner 
ſphere, art. 214. which anſwers to the inha- 
bitants of the equator; bring the center of 
the artificial ſun to the weſtern edge of the 
broad paper circle, and the horary index in 
this caſe being the graduated edge of the 
ſtrong braſs meridian, will cut the time of 
the 'ſun's' ſetting, and the moon's riſing ; 
hence it is obvious the moon will riſe-when 
the ſun ſets, which will be at VI o'clock, be- 
cauſe they are both ſuppoſed to be in the 
celeftial equator, but in oppoſite figns. 
Therefore on that day the fame pheœnome- 
non will . happen in all latitudes between 
the equator and either pole. b 


But as the moon's motion in her orbit, 
which we ſhall at preſent conſider as coin- 
cident with the ecliptic, is about 13 deg. 
10 min. every day, which retards her diur- 
nal motion about 51 min. 56 ſec. of time 
with reſpect to the firſt point of Aries, this 
difference as it relates to the ſun is 


generally 
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generally reckoned at 48 minutes n 
or two minutes for every hour. 

Let us now enquire 3 . 
time the moon will riſe the next night after 
the autumnal equinox, at which time the 
ſun will have advanced one degree in Li- 
bra, and the moon 13 deg. 10 min. in Aries, 
which is 12 degrees more than the ſun has 
done in the ſame time: therefore place the 

center of the artificial ſun upon the firſt de- 
gree of Libra, and the artificial moon on 
13 deg. 10 min. of Aries, the globe being 
rectiſied as before to the poſition: of a right 
ſphere, bring the artificial fun, under the 
graduated ſide of the ſtrong braſs meridian, 
and ſet the horary index to XII, turn the 
globe until the artificial ſun coincides with 
the weſtern ſide of the broad paper circle, 
the horary index will ſhew he ſets. that 
evening at VI o'clock, and the globe being 
turned till the artificial moon coincides with 
the eaſtern, fide of the broad paper circle, 
the horary index will ſhew the moon's citing 
that evening to be about 48 minutes paſt 
VI, o'clock, with 5 degrees of amplitude 
northerly, as the is now entered into the 
rn, half of the ecliptic. | | 


Now 
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No dlevate the north pole of the globe 
* latitude of London, every other rec- 
tification remaining the ſame, wh bring the 
artificial moon to the caſt fide of the ho- 
rizon, and the horary index will point to 
a0 minutes paſt VI, her time of riſing; and 
her amplitude at that time will be about 8 
degtees, 8 
tor the ſame evening. 

If we thus inveſtipats'the ame of the 
moon's: riſing for two or three nights to- 
gether before and after the autumnal full 
moon, it will be found nearly the fame 

Tube reaſon is, that the full moons which 
happen at this time of the year, are aſcend- 
ing from the ſouthern into the northern 
ſigns of the zodiac: whence the moon de- 
ſeribes a parallel to the equator every night 
more northerly, which increaſes her riſing 
amplitudes conſiderably, and more ſo as the 
latitude is greater, as in the preſent er- 
ample; hence it is plain, that the nearer 
celeſtial object is to either pole, the ſooner it 
aſcends the horizon. F2 

Every thing remaining as beſote, if we 
elevate the north pole of the globe to 66 
i which is the latitude of the northern 


polar 
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polar circle, and bring the artificial moon to 
the eaſt ſide of the horizon, ſhe will be 
found to riſe about the ſame time that the 
ſan ſets the evening after the autumnal full 
moon, which is about VI o'clock; at which 
time and ——— ya be * 
13. degree. 

In this poſition of the ihe: if the ü- 
cial moon be removed 13 deg. 10 min. upon 
the ecliptic; which is her mean motion 
therein for one-day, and fo on for fourteen 
nights together, ſhe will be ſeen to rife 
within the ſpace of one hour during that 
time, which will be clear on n 
half the ecliptic riſes at en 

It is remarkable that when the moon ya- 
ries leaſt in the time of her riſing, the di- 
urnal differences are * at the times 4 
her ſetting. 

What has been bid with reſpect to north 
latitudes is A 1 to 'fouth lati- 
tudes, 

In like manner the new moons in ſpring 

riſe nearly at the ſame hour for ſeveral 
nights ſucceſſjyely,.: while the full moons 
riſe later by à greater difference than at any 
other time of the year, becauſe” at this time 


of 
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of the year the new, moons are in the aſ- 
cending, wi th full moons in d the defokde 
ing ſigns. Man 2 7 
This phenotmenon varies in -different 
years: the moonꝭ's orbit being inclined to the 
ecliptic about 5 degrees, and the line of 
nodes continually moving retrograde, the 
inclination of her orbit to the equator will 
prevents her haſtening to the northward or 
deſcending ſouthward in ven e 
with "_ = VD: b 


PROBLEM Lt: 10805 


To find. the time of the year. 5 
which a ftar riſes or Rur, ae 
22 or achronically. 1 


302. The coſmical rifing and * of a 
ſtar, is when a ſtar riſes with the ſun, or ſets 
at the time the ſun is riſing, 

The achronical riſing or ſetting of a ſtar, 
is when a ſtar riſes or ſets at the time the 
ſun i is ſetting. 

Elevate the pole of — celeſtial globe. to 
the W of the place, and bring the ſtar 

| to 
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to the caſtern edge of the broad paper circle, 
and obſerve what degree of the ecliptic riſes 
with it, which ſeek in the kalendar on the 
broad paper circle, againſt whiets is the day of 
the month whereon that ſtar riſes coſmically. 
: » Forn the globe. till the ſtar coincides with 
the weſtern edge of the horizon and that 
degree of che ecliptic which is cut by the 
eaſtern ſide, gives the day of the month 
when the ſtar ſets coſmically; ſo likewiſe 
againſt the degree which ſets with the ſtar 
you have the day of the month of its achro- 
nical ſetting, and if you bring it to the 
eaſtern fide; of the horizon, that degree of 
the ecliptic then cut by the weſtern fide of 
the broad paper circle fought in the ka- 
| lendar, , will ſhew the day of the rhonth 
when the ſtar riſes -achronically. .. _ |; 


£ * 


7 


PROBLEM. LIV. 225 


my b Kel the time of che Heliacal 
Ta and e of; A al 


e after "ar been fo feat the ſun | 
48 to be hid by the ſplendor of its rays, ie 
= Id to riſe heliacally, © | 


When 
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When a ſtar is immerſed in the evening, 

ee hid nay ſun's rays," ils to _ 
a. 

Elevate the pole of the ecteſtial de 
the latitude of the place, bring the ſtar” to 
the eaſtern fide of the broad paper circle, 
fix the quadrant of altitude to the zenith; 
and apply its graduated edge to-the weſtern 
fide in fuch a manner that its 1 2th degree 
above the horizon may cut the ecliptic, the 
point oppoſite to this will be 12 degrees 
below-the broad paper circle on the eaftern 
fide, and is the ſun's place in the ecliptic 
at the time a ſtar of the firſt magnitude 

riſes: heliacally; ſeek. this point in the ka- 
lendar, or upon the ecliptic line on, the 
globe, againſt which you will find the day 
of the year when that ſtar riſes heliacally, 

. To find the heliacal ſetting, bring the ſtar 
to the weſtern fide of the horizon, and turn 
the quadrant of altitude on the eaſtern; ſide, 
till the 1 ath degree cuts the ecliptic ; its op- 
poſite point is the ſun's, place, which ſought 
either upon the kalendar or | ecliptic line, 
. day of the year when the een 
liacally. e e 


Ca 
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Stars of the firſt magnitude, according to 
Ptolemy; riſe. or: ſet heliacally, when they 
are 12 degrees diſtant from the ſun: that is; 
when the ſtar is riſing, the fun muſt be de- 
preſſed in the perpendicular below the hori- 
zon 12 degrees, that the ſtar may be far 
enough from the ſun's rays to be. ſeen be- 
fore he riſes. 


Stars of the ſecond magnitude. require 
the ſun's depreſſion thirteen degrees, and 
thoſe CT I ee 


= ® 1 


The i 4 Lk of hs Ara- 
- bian aſtronomers, * from Ulugh 


F * Beigh, publiſhed at Oxford 1665. 


304. The manazil al kamet of the Ara- 
bian aſtronomers, are XXVIII, they are ſo 
called, i. e. the manſions of the moon, be- 
cauſe they obſerved the moon to be in or 
near one of theſe every night during her 
monthly courſe round the earth: they are 
theſe that follow, to which upon the globe 
the Arabian characters are affixed, but omit- 
ted here for the want of an Arabian type. 

> . I. A 
* See the Rev, Mr. Coſtard's Hiſtory of Aſtronomy, p. 19. 


= ſtars of prevent or | tht, ſthes in-the 
Ram's horns, marked þ and y, with I, C, 
ſignifying the firſt manſion of the 1 oom. 
which the reader will a to remember 
once for all, Fg EE | 


II. Botein, the ſtars in * Rats bey ac- 
cording to Ulugh Beigh, by Bayer and on 


our globe and / D wore E 


PITT 
= 


III. Al Thuraiga, the Pleiades. n 
IV. A Debardn, the Bull's che. 


v. Al Heb'a, the three far in the head of 
- Orion, © © © 


VI. Al Hen ab, the ſtar marked be len 
foot of Pollux. 


VII. A Dira, the two brig ht ſtars, one in 
the head of Caſtor, the other in Polit, 


marked a and g. 


vm. Al Nerbrab, the Wm or un bf 
ſtars in Cancer, marked : called by the 


Greeks Salm, i. e. Præſepe. noi! 
IX. Al Terphab, the Lage eye marked r. 
8 3 X. AI 
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| marked b. b 
XI. Al Zuf'roh, thelrvinthe Lyonbrump 
marked # and d 


ai. A Shah, the Lyar' til aa 
called Deneb al aſad. 


. 47 wwe, they arm four dias in Virgo 
marked » 9 0 7, | 


XIV. Simdt ol Kral de Viki fü, 
marked a. 
XV. A Gaphr, three ſtars in the ſkirt of 
the robe of Virgo marked Þ « x 
XVI l Zubins, that is Libra; the northern 
ſcale is called Zubdnab Al Sbemali, and 
is the ſtar marked g, the ſouthern ſcale 
marked a, is called Zubdnah al Genubi, 
Shemali ſignifies northern, and Genubi 
ſouthern,” they are exactly miſcalled on 
the common globes of modern conſtruc- 
tion. 0% l 2 1 ,»; x 


XVII. EI theſe are the four ſtars in 


XVIII. 4 
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Vm. ff Kolb; the ſoarpian's heart marked 
« more fully. Kalb Ab Atrah, the word 
Antares, if it is not a corruption, has no 


_ Genification, and js therefore omitted. 


XIX. Al Shaulah, the Scorpion's tail, or the 
ſtar marked a," The ward Zeſirb we have 


omitted, being another pronunciation of 
Tn the true 3 Sbaulab. 


XX. Naim, theſe are eight ſtars i in Sa- 
Sittary, marked „ O . $3 
Ulugh Beiglt makes them hag rag 
_ e. 8 : 


XXI 4 Beldab, this is that part of the 
Forſe in Sagittary, where there are no 
ſtars drawn, and if there be any in that 
part of the heavens, it is thought they 
are only teleſcopic ſtars. | 


XXII. Sad 41 Dabib, gt ad 
corn, marked a Þ ». | 


F _ Th 


XXIII. Sad A Bula, the far matked » in 
N rb "EY | 


XXIV... Sed Al Subd, the ſtars m 5 
and ę in Aquarius. | 
8 2 XXV. Sad 
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XXV. Sad Al. Achbigah, three ſtars in A. 
eee e IItit- 50. 


XVI. & Peg ol Mubaddem, de dun 
., | 


XXVI, tl Phe ol Madechir, theks ar 
- , two ſtars, one in the head of Andromeda 
marked a, the other in the wing of Pe- 
1 — marked 7. 


- 2:3 S dt CE IIN 


XXVII. 4 RS, the Mar marked Þ i 
the girdle of Andromeda. 


This is a diviſion of the heavens, dif. 
ferent from any thing the Greeks were 
acquainted with, and therefore was not bor- 
rowed from them. 


| FI LV. 
To find a meridian line. 


305. Bring the ſun's place in the ecliptic 
on the celeſtial globe, to the graduated fide 
of the ſtrong braſs meridian, and ſet the 
horary index to that XII, which is moſt 
elevated ; turn the globe, till the ſtar mark- 
. 

duated 
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duated fide of the ſtrong. braſs. meridian, 
with about 11 degrees of right aſcenſion; at 
which time the polar ſtar, in the extremity 
of the tail of the little bear, will be above 
the pole, and upon the meridian alſo, If 
you find in this application of the globe, 
= the horary index Points to any hour of 
the day, when the globe is rectified to the 
latitude of your ſituation, turn the globe 
again, till the ſtar marked «, called Alioth, 
being the firſt in the tail of the great Bear, 
is under the graduated fide of the ſtrong 
braſs meridian, and then the polar ſtar will 
likewiſe be upon the meridian, with about 
191 degrees of right aſcenſion, but under 
the north pole, and the horary index will 
point out the time of the night, when this 
phenomenon, is to happen, before which 
you are to have the following apparatus 
| properly prepared, that you may be ready 
to attend the obſeryation, that is, to find 
your meridian line. - 


Suſpend two plumb lines, and let their 
weights be immerſed in water, to prevent 
their vibrating, but in ſuch a manner that 
the ſtring of one of them may be directly 
between the polar ſtar and the ſtring of the 

8 3 other. 


2 * Deſeriptim and Of: of the © 
other. After this achuftment of the two 
Atrings, if they remain untouched till the 
next day at noon, a meridian lime may be 
obtained at any window in the houfe which 
has a ſouthern aſpect, by fyſpending lines 
as aboye from the ceiling ; that next the 
window may be fixed, but the other ſhould 
be moves in a direction nearly eaſt and 
weſt, the weights of theſe ought alſo to be 
immerſed in water; then, if two perſons 
attend a little before noon on the next day Js 
one of them at the two firſt plumb lines 
which were adjuſted to the polar ſtar, and 
the other at the two and lines in the 
houſe which are then to be adjuſted, each 
of them holding a ſheet of white paper in 
their hands, to receive the ſhadow of the 
two firings caſt thereon by the fun; the 
firſt obſerver is to give a ſignal to the ficond 
of the inſtant the two ſhadows on his Paper 
are united in one and the fame line, at 
which time the ſun will be precifely upon 
the meridian, The other obſerver in the 
houſe is likewiſe to attend with diligence, 
and as the ſun is coming nearer and ncarer 
to the meridian, he'is conſtantly to remove 
his moveable plumb line, and keep the ſha- 


dows 
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dows of his two ſtrings, always united in 
one diſtinct thadow, that his obſervation may 
be corapleat, when his aten gives the 
definitive ſignal. 

If this be repeated four or five times, a 
very accurate meridian line may be obtain- 
ed, and may be drawn on the window, 
the floor, or a pavement, by their ſhadow 
when united by the ſun's rays, -, and the 
plumb lines may be occaſionally ſuſpended 
from two fixed hooks, when you chuſe ta 
obſerve. the paſage of the ſtars a- croſs the 
meridian. 

For the uſe of the curious it will not be 
improper to abſerve, that the late Dr. 
Bradley found that the diſtance of the ſtar 
marked a at the extremity of the tail of the 
little Bear, from the polar point, was 2 deg. 
1. min. 39 ſec. on the firſt day of January, 
A. D. 1751, old ſtile; at the ſame time its 
right aſcenfion was 109 45, t5* equal to 
43 min. 1 ſec. of time; and as the right 
aſcenſion increaſes 1 min. 16 ſec; every ten 
years, its right aſcenſion may be obtained 
for any ſucceeding year; and having the 
ſun's right aſcenſion in time alſo, ſubtract 
Fob from the 15 by adding 24 hours 

8 4 ta 


264 + Deſcription and Uſe of the - 

to the tight aſcenſion” of the pole ſtar when 
it is leſs chan the'ſun's, the remainder will 
r IE 
ridian. | 

Then, a here, ang upto pl ln, 
bem your op dhe pojr te 


PROBLEM LVI. ö. 2 
Of the equation of tine. * 


30. As time flows with great regula- 
rity, it is impoſſible to meaſure it accurate- 
ly, and compare its ſeveral intervals with 
each other; but the motion of ſome of 
the heavenly es, whoſe erer is as 
uniform and regular as itſelf. 

Ancient aſtronomers looked upon the an 
to be ſufficiently regular for this purpoſe; 
but by the accurate obſervations of later 
aſtronomers, it is found that neither the 
days, nor even the hours, as meaſured by 


the fun's apparent motion, are of an neal 
length on two accounts. 

Iſt, A natural or ſolar dayink 24 hours, 
is that ſpace of time the ſun takes up in 
paſſing from any particular meridian to the 


ſame again; and one revolution of the earth, 
with 
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with reſpe& to a fixed ſtar, is performed in 
23 hours, 56 minutes, 4 ſeconds ; there- 
fore the unequal ' progreſſion of the earth 
through her elliptica] orbit, (as ſhe takes al- 
moſt eight days more to run through the 
northern half of the ecliptic, than ſhe does 
to paſs through the ſouthern) is the reaſon 
that the length of the day is not exactly 
equal to the time nn. 
forms its rotation about its axis. 

adly, From the obliquity of the ecliptic 
to the equator, on which laſt we meaſure 
time; and as equal portions. of one do not 
correſpond to equal portions of the other, 
the apparent motion of the ſun would not 
be uniform; or, in other words, thoſe points 
of the equator which come to the meridian; 
with the place of the fun on different days, 
1 1 deere, eur 
other. 


This ” is eaſily ſeen upon the obe, 
by bringing every tenth degree of the eclip- 
tic to the graduated fide of the ſtrong braſs 
meridian, and you will find that each tenth 
degree on the equator will not come thither 
with it, but in the following order from Y 
to S, every tenth degree of the ecliptic 

comes 


1 
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than'their correſponding 1oths on the equa- 
tor; thoſe in the ſecond quadrant of the 
ecliptic, from S to =, come later, from. 
to V3 ſooner, and from s to Aries later, 
whilſt-thoſe at the beginning of each qua- 
drant come to the 'meridian at the fame 
time; therefore the ſun and clock would 
be equal at theſe four times, if the ſun was 
not longer in paſſing through one half of 
che ecliptic than the other, and the two 
inequalities joined together, : compoſe that 
difference r eee of 
time. 

Theſe . are independent of each 
other, ſometimes. they agree, and at other 
times are contrary to one another. 

The time marked out by an uniform 
motion, is called true time, and that ſhewn 
by the ſun, is called apparent or ſolar time, 
and their difference is the equation of time. 


_— n Globes, oy 


We: row: promed to. ſhiny hens 
the terreſtrial globe will repreſent 
the real phenomena relating to the 


earth, n with 
the . _O_ — 


«Tung W den br 
ſtrial globes, being ſecondaries to the equa- 
tor, are alſo hour circles, and are marked 
as ſuch with roman figures under the equs · 
tor, and at the polar circles. But obſerve, 
there is a difference in the figures placed 
to the ſame hour circle ; if it cuts the Ld 
hour upon the polar circles, it will eut 
the IXth hour upon the equator, which 

is ſix hours later, and ſo of all the reſt. 
| Through the. great Pacific ſea, and the 
interſection of Libra, is drawn a broad me- 
ridian from pole to pole, it paſſes through 
the XIIth hour upon the equator, and the 
Vith hour upon each of the polar circles ; 
this hour circle is graduated into degrees 


and parts, and numbered from the equator 


towards either Pole ' 
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There is another broad meridian paſſing 
through the Pacific ſea, at the IX th hour 
upon the equator, and the IIId hour upon 
each polar circle ; is this contains only one 
quadrant, 'or go degrees, the numbers an- 
nexed to it begin at the notthern polar 
circle, and end at the tropic of Capticorn. 

Here we muſt likewiſe obſerye, there 
are 23 concentric circles drawn upon the 
terreſtrial globe within the northern and 
ſouthern polar eircles, which for the future 
we ſhall call polar parallels; they are placed 
at-the diſtance of one degree from each 
other, and repreſent the parallels of the 
ſun's deolination, but in a different manner 
r en eee the tropics. 


The following problems require the globe 
to be placed upon a plane that is level, or 
truly horizontal, which is eafily attained, 
if the floor, pavement, gravel-walk in the 
garden, &c. pn ng. rnb ho- 
rizontal. " 

A At ſeaſoned board, or any box which 
is about two feet broad,” or two feet ſquare, 


if the top be perfectly flat, will anſwer the 
rpoſe, the upper ſurface of either may 
. truly horizontal, by the help of a 


pocket 
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pocket ſpirit level, or plumb rule, if you 
raiſe or depreſs this or that ſide by a wedge 
or two, as the ſpirit level ſhall direct; if 
you have a meridian line drawn on che 
place over hich you ſubſtitute this hori- 
zontal plane, it may be readily transferred 
from thence to the ſurſace juſt levelled 
this being done, we r eee for = 
ande * the Dr er 


"41 15 


i PROBLEM: In. 
To o obſerve the fun's Altitude * 


the terreſtrial globe, when he 


ſhines bright, or when he can 
but juſt be diſcerned through a 
cloud. (64 


308. Conſider the ſhade of extuberapey, 
which is that cauſed by the ſphericity of 
the globe, heretofore called the edge of the 

_ earth's enlightened diſc, and there repre- 
ſented by the broad paper circle, but here 


realized by the natural light of the ſun 


itſelf. 


Elevate the north pole of the globe to 


66 + degrees, bring that meridian or hour 


circle, 0 


e 


— —— 
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cirele which paſſes through che IXth hour 
rags ejuator, under the graduated fide: 
the firong bref meridian; the globe 
being now fee. upofi the horinontal plane; 
turn it about thereon, frame and all, chat 
he ſhadow of the ſtrong brats meridian 
may fall directly under itſeff, or in other 
words, that the ſhade of its graduated face 
may fall exactiy upon the aforeſaid hour 
circle; at that inſtant the ſhade of extu- 
berancy wilt touch the true degte of the 
ſun's altitude upon that meridian, which 
paſſes through the IXth hour upon the 
equator, | reckoned from the polar circle, 
the moſt elevated part of which will then 
be in the zenith of the place where this 
operation is performed, and is the fame 
whether it ſhould happen to be either in 
north or ſouth latitude. 


Thus we may, in an eaſy and natural. 
mannet, obtain the altitude of the ſun, at. 
any time of the day, by the terreſtrial globe; 
for it is very plain, when the ſun riſes, he 
bruſhes, the zenith and nadir of the globe 
by his rays; and as he always illuminates: 
half of it, (or a few minutes more,“ as 


his Lobe is conſiderably larger than that 
of 


ike therefore when the —_ | 
riſen a degree higher, he muſt neceſſarily 
Yluminate a degree beyond the zenith, and 
fo on proportionably from time to time. 
- But as the illuminated part is ſomewhat 
more than half, deduct x4 minutes from 
the ſhade of extuberancy, and you have the 
fun's altitude with tolerable exactneſs. 

If you have any doubt how far the 
ſhade of extuberancy exactiy reaches, held 
a pin, or your finger, on the globe, between 
the ſun and point in diſpute, and where 
the ſhade of either is — — uo the point 
_ | b 


When the fun kg not Thine bright 
enough to calt : a ſhadow. 


309. Turn the meridian of the globe to- 
ward the ſun, as before, or direct it ſo that 
it may lie in the fame plane with it, 
which may be done if you have but the 
leaſt glimpſe of the ſun through a cloud; 
hold a firing in both hands, it having firſt 
been put between the ſtrong braſs meridian 
and the globe: ſtretch it at right angles to 
the meridian, and apply your face near to 


the 
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cbe globe moripg your eye, let ans 
lower; till 
then bring the ſtring held as before to this 
point upon the globe, that it may juſt ob- 
feure the ſun from your fight, and: the de- 


gree on the aforeſaid hour circle, which the 
ſtring then lies upon, will be the fan's al- 
titude required, for his rays — 7: 


ſame point, if he ſhone out bright. 


| s eb 1 
ſerved by either of theſe methods, and the 
ee ee 4 


2 


PROBLEM LV II. t 
To place the terreſtrial globe in the” i 


G's rays, that it may repreſent 
the natural poſition of the earth, 


either by a meridian ar or n * 


| out it. . | 
210! 6 pk have eben Tine, fax ie 


north and ſouth points of the broad paper 


circle directly over it, the north pole of the 
globe being elevated to the latitude of the 


place, and ſtanding upon a level plane, bring 


— C Maas 
fide 


you'tcan' but juſt ſee the an: 0q 


poles and parallel e upon the: [lobe 
will, without ſenſible error, correſpond: with 
thoſe in the heavens, and each point, king- 
dom, and ſtate, will be turned towards the 
real one which it repreſen s. 
If you have no meridian line, then the 
day of the month being known, find the 
ſun's declination as before inſtructed, which 
will direct you to the parallel of the day, 
amongſt the polar parallels, reckoned from 
either pole towards the polar circle; "which 
you are to remember. 
Set the globe upon your horizontal plane 
in the fun-ſhine, and put it nearly north 
and ſouth by the mariner's compaſs, it being 
firſt elevated to the latitude of the place, 
and the place itſelf brought under the gra- 
duated ſide of the ' ſtrong braſs meridian; 
then move the frame and globe together, 
ul the ſhade of extuberancy, or term of 
illumination, Juſt touches the polar paral- 
let for the day, and the globe will be Linea 
as before; and if accurately perfotmed, 
the variation of the magnetical needle will 
be ſhewn by the degree to which it, Points 


in the compaſs box. 


T | Ang- . 


4 -\Deeriptianand Ihe of . 
And here obſerve, if the parallel for the 

day ſhould not happen to fall on any one 
of thoſe drawn upon the globe, you art to 
eſtimate a proportionable part between them, 
and reckon that, the parallel of che day. 
If we had drawn more, Gods: would 
e ** 
The reaſon of this en that 2 
k the ſun, illuminates half the globe, the ſhade 
of extuberancy will conſtantly be 90 de- 
grees from the * wherein the ſun is 
Tf he Thi be in the eren the lade 
and illumination muſt terminate in the poles 
af the world; and when he is, in any other 
| churnal parallel, the terms of illumination 
muſt fall ſhort of, ot go beyond either pole, 
2 many degrees as the parallel which the 
ſun deſcribes that day, is diſtant from the 
equator ; ; therefore when the ſhade of ex- 
tuberancy touches the polar parallel for the 
day, the artificial globe will be in the ſame 
polition, with reſpect to che ſan, as the 
"earth really is, and will de Mlupiinated in 
eee 2 | 


5 : : 
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PROBLEM LIX. 
IN 44894 
To find naturally the ſun's q deck 
tation, A ae an 
Place teren. 1 


311. The globe beth 44 ey: an . 
rental plane, and "adjuſted by a werickan 
lie or otherwiſe, Gbterde upon wet ot 
between which polar parallel the, teten of 
wMuthination falls; fes diſtahes from the pole 
is e degree of the fung deotination i rern 
this diſtance from the equator among the 
lar llels, and the parallel 

wh 12 ee . Z — FR 
y more a cicd, cut in the ſotm of a 
_ double ſquare, unfit its ſnadowy falls; under 

nſelf, you wil} obtain the very place upon 
that parallel over which the ſun is vertical 
_ at any hour of that day, if you ſet the place 
. you. ace Deren 
ſtrong braſs meridian. 1. B 
Note, The moon's. | dectination) diutna 
parallel and place, may bo found inthe, fame 
manner. Likewiſe when the ſun dots not 
ſhine bright, his declination, Sec. may bt 
found by an application in the mayoer of 
14 


T 2 PROBLEM 


ſn ee oft. 


"PROBLEM | "IX. 


i, 06h rode ee bf .oT 


To End the ſun's azimuth naturally. 


312. If a great circle at right A to 
the horizon paſſes through the zenith and 
nadir, and alſo through the ſun's center, it 
diſtance from the meridian in the morning 
or cyening of any day, reckoned upon the 
degrees on the inner edge of the t broad 
paper circle, will * 1 RE re- 


red. x 1 
. 1 8% 1 v q C is */ \ L 


296 


: 


- EAA Mr run I. 5 1 A 


1 Elevate cither polo to the relies 
of a parallel ſphere, by bringing the north 
pole i in north latitude, and the ſouth pole 
in ſouth. latitude, into the zedith of the 
broad paper circle, having firſt placed the 
globe upon your meridian line, or by the 
other method before preſcribed; hold up 
a plomb line ſo that it may paſs freely near 
the outward edge of the broad paper circle, 
and move it 10 that the ſhadow of the 
ſtring may fall upon the elevated pole; then 
caſt your eye immediately to its ſhadow on 
the broad Peper A of and the degree it 


I | there 
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there. falls upon is the ſun's azimuth: at that 


time, which, may be reckoned from r 
the ſouth or north points anden 


159 


_- . * 


I "MyTagD 1. . 
13000 x vou have only. a FRF or 
faint -ſipht of the fun; the globe being ad- 
juſted-'gs before, ſtand on the ſhady fide, 
and hold the plomb line on that ſide alſo, 
and move it till it cuts the ſun's center, and 
the elevated pole at the ſame time, then 
caſt your eye towards the broad paper circle, 
and the degree it there cuts is the ſun's azi- 
muth, which muſt be reckoned- ou the 
Re cardinal Point. e 


N TI 
** 1 * i# \ 7 
3 &. 


b -PROB LEM 151 65 o 


To ſhew that — places of * 


carth's ſurſace, the ſun will be 
twice on the ſame azimuth in the 
morning, twice on the ſame azi- 
e in the MEARS; I or, in 


«2 Kyo words, + 


a I * When the declination: of 1. ſun 


n the latitude of any place, on either 
3 ſide 


278 Doyen his au Up of the | 
nde of the equator; tie fun will be on the 


ſarne azimuth twice inothe mernihg, and 
twice in the after non nn 


Thus, ſuppoſe the globe rectified to the 
latitude of "Antigua, Which is in about 17 
dog: f north latitude, and the ſun to be in 
the beginning of Cancer, or to Baue the 
gretteſt narth declination; ſet the quadrant 
of altitnde to the 24 degree north of the 
eaſt in the horizon, and turn the globo upon 
u axje. the; ſun s Center will be on that 
arhnumh at Ch. 30 min. and alſo at 10 b. 
zo min. in the morning. At 8 h 30 min. 
the ſun will be as it were ſtationery with 
reſpect to its azimuth [for | ſathe- timo; | as 
will appear by placing the quadrant of al- 
titude to the 17th degree noriix of the eaſt 
in the horizon. If the quadrant be, ſet to 
the ſame degrees north of the weſt, the fun 
center will croſs it twice wit ef eaches 
the horizon: in the afternoon. 


This appearance will e more or 
leis to all places fituated:/in; the: taxed none, 
whenever the ſun's declination, exceeds their 
latitude; and from hence we may infer, 
that the ſhadow of a dial, whoſe gnomon 
bs "rected: EE to an horizontal 

N 
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plane, muſt neceſſarily go back ſeveral. de- 
grees on the ſame da g. 
But a8 this can only, happen within the 
torrid, gone, and as Jeruſalem lies about, 8 
degrees to the north of the tropic of Can- 
cer, the. retrocefſion of the ſhadow on the 
dial of Ahaz at Jeruſalem, was in the ſtticteſt 
each word, miraculous. | 


5 8 PROBLEM LXII. 


To ble the hour of the day in 
e moſt natural manner, 7 0 


aſe terreſtrial globe is properly 
Naa in tte ft. 


A. «701 £4 $7 I 


a 310, Therd are maty ways to 8 
this operation with reſpect to the hour, three 
of which are here inſerted, being general 
to all dhe inhabitants of the 6drthg/ & fourth 
is added peculiar to thaſe of London, which 
wilt anſwer, without | enfible error, at any 
pace” nit exceeding the 3 of bo 
mites s from this TIE. 489 


Ini 12 DOTY XC 
„WIr £2: nn Trot ht 2112 
IGOR un; 2 har TG 4 N vg 1212 
Nen neren © 


Ne " 4 Iſt, By 


FO 


'n ö 7 1 Irons g an 
„rm un. ſt, By , 125 natur- "ile. 2 
i N 31. Having rectified the globe as before 
directed, and placed it upon an Horizontal 
plane over your meridian line, of by the 
other metod, hold a long pin upon the 
illuminated pole in the direction of the 
polar axis, and its ſhadow will ſhew the 
hour of the Gay. prongs. Ws * pa- 


rallels. 
being the: com- 


The axis of * globe 
mon ſection of the hour circles, is in the 
plane of each; and as we ſappoſe the globe 
to be properly adjuſted, they will. corre- 
ſpond with. thoſe, in the heayens; there- 
fore the ſhade of a pin, which is the axis 
R ſl MM" upon Rack true e hour 


1 1 7 an Aist Alle. 


315 Tie a ſmall ſtring with a nooſe 
round the elevated pole, ſtretch its other 
end beyond the globe, and move it fo that 
the i ſhadom of the ſtring may fall upon 
the depreſſed axis; at that inſtant its ſha- 
| dow rapes the equator will give mo ſolar 
u nous aue I Fi; 
1 &- 4 But 


But 3 that either the autumnal 
rie equinoctial colure muſt firſt be 
placed under the graduated ſide of the 
ſtrong braſs meridian before you obſerve 

the hour, each of theſe, being marked upon 
4 e with the hour XIII. 
The ſtring in this laſt caſe being moved 
c ische b the ſun, — with 
the true hour circle, e 

the true hour, 


. 8 on >" 
54480 „. 4 ? 


"ls Without any FER all” 


235 Every thing being reflified as be- 
fore, look where the ſhade of extuberancy 

guts the equator, the, colure being un- 
der che graduated fide of the ſtrong. braſs 
meridian, and you obtain the hour in two 
places upon the equator, one of them 
going before, and the other een the 
ſun. Aten, TS TITTIES 
| Notes Is this dhade..he debe es apply a 
pin or your finger as before directed. * 
The reaſon is, that the ſhade: of extu- 
beraney being a great circle, cuts the equa- 
tor in half, and the ſun, in whatſoever 
parallel of declination he may happen to 


be, is always ia the pole of the ſhade; 
conſequently the canſinea of light and ſhade 
ay uote ee ob ted clap Hebt 


irt ist T Wea 4h; 


4thily; Preniliarico the itthrabitants-6f 


London, and.1 its environs, within 
the, diſtance of. hxty miles. Witt 
= 120. FEE globe being every ve ad} Jule 
as before, and London brought 1 the 
graduated ſide of the ſtrong braſs meridian, 
hold up a plomb ne, ſo that its. ſhadow 
may fall upon the zenith point, (which in 
this Caſe is London itſelf ). and the ſhadow 
of the "firing wilt cut the parallel of the 
diy upon that point to which the ſun is chen 
vertical; and tfiat hot cirele upon which 
this interſection falls, is the Hour of the 
day? and as the meridians are drawn within 
the tropics at 20 minutes diſtanceæ from each 
other, the point cut by the interſection of 
the Miing wporr 'the parallel of the day, 
being fo near the equator, may, by 4 
glance of che obferver's eye, be refetred 
nd; and the true time obtained — « 
8 — neee 


9 L — . 2! . „ 429 19 198367 
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The plemb line thus moved ig the zig 
muth, which by cutting the parullef of the” 
day, gives the fan's'place;' and coinſequenily 
the hour circle which interfects it. 

From this laſt operation reſuſts a oordl· 
lary, that gives a fecond way of reRifying 
the globe to the fun's rays. 

If the 42itttith and fade of the MHüchi- 
mated axis agree in the hour when the globe 
is rectiſied, then making wank thos to agree 


muft ad the globe. 


” ConorrLany,” 


"} 


Another method to rectify the globe 
to the ſun's rays. 


321. Move the globe till he thadow of 
the plomb line, which paſſes. through the 
zenith, cuts the ſame hour on the parallel 
the direction of — axis 4 upon, 3 


5 "; 


ad ne mann — — 75 * 
agreement in the fame hour, which the 
ſhadow of the azimuth firing points out, 
by, 


,99 the ,parallel or che 
un to be in the plane of 
e ſaid pa e e in, 
morning on. "the g caſtern {id s of the ER 
nor in the evening on the weſtern: 1 * 
but when the globe! is recti. 
This rectification of the globe, is * , 
placing it in ſuch a manner that the princi- 
pal great circles, and points, may Foneut 
and fall in with thoſe of the heavens. 
The many advantages ariſing ak theſe 
capital problems relating to the placing of 
the globe in the fun's rays, an intelligent 
reader will eaſily diſcern, and readily ex- 
tend — ann as to the benefit ol 
unn 2 U. e e 


b eg 5 mio ods. Lan. 
W 10 when the. planet. Venus 3 is 


05 f — an Wan ſtar. 


HC £34 + ; 44 v1 hs ** TY af K 44 14: „ 'P j ws. 7 


342. Reggify the celeſtial. globe to the 
latitude and ſun's place, art. 189, 190. find 
the place pf, Venus by an; ephemeris, and 

the artificial moon to that place in the 
Lodiac, which, will. repreſent the planet; 
bring the artificial ſun to the eaſtern edge 
r : ö | of 


Celeſtial: and Terreftrial Glotes. * 
of the horizon; if Venus is then eleva 
ſhe will riſe before the ſun, and be 4 
ing ſtar; but if ſhe is depreſſed below the. 
horizon, ſhe muſt then conſequently follow. 
W e 1685 


5 * "7 


** f E. Eu 


10 a0 PROBLEM 3 


To o fad 7 hat tinie ow the night 
any planet may be viewed with z 
reſflecking teleſcope. 5 8 7 


323. Rectify the celeſtial hee? to oh 
latitude and ſun's place, art. 189, 190. ſeek 
the planet's place and latitude in an ephe- 
meris ; to which place in the zodiac, | ſet 
the artificial moon to repreſent the planet, 
and it will ſhew its place in the heavens : 
bring the planet's repreſentative to the eaſtern 
fide of the horizon, and the horary index 
will ſhew the time of its riſing; if the arti- 
ficial ſun is then elevated, the planet will 
not be viſible at that time by means of his 
ſuperior light; therefore turn the globe from 
eaſt to weſt until the artificial ſun is de- 
preſſed below the circle of twilight, art. 
93. and ag where ſtop the globe, and 
Ry. HA ſcrew 


286 »IDyferafitron and LU of the = 


ſerew the aut of the qu adrapt. of altitude in 
the zenith,” art. 192, 5 779 
on the center af the planet. and it will ſhew 
in che horizon the aximuth or point of the 
compaſa, on which the planet hay then be 
viewed in the heavens; the horary index 
will at che ame time point out the hour of 
the night. When the planet comes to the 
Rrong braſs meridian, the index will ſhew 
the time of its / paſſage over that celeſtial 
_ circle; Aa pop wet wage of the ho- 
tizon, the me of its bg will Ukewiſe 
. obtained. 6 40, 
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rs PROBLEM 
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To find whit azitfibth the moon i is 


upon at any place when it is 
flood or high water; and thence 
- the N wy for any day e of | de 


326 3 d PI Abe ie 1 
pute of high water about the time of new 
or full | moon, rectify the globe iq the lati- 
tude and. ſan's. place, art. 189. 199, find 
che moon's place and latitude in an ephe- 
meris, to which ſet the artificial moon, and 
{crew the quadrant of altitude in the zenith; 
turn the globe till the horary index points 
to the time of flood, and lay the quadrant 
over the center of the artificial moon, and 
it will cut the horizon in the point of the 
compaſs upon which the moon was, and 
the degrees on. the horizon contained be- 
tween the ſtrong braſs meridian -and the 
quadrant, will be the moon's azimuth from 


the ſouth. 


To 


To find the. time of high water at 
che ſame. P lace,, Dart 


Ir 
* 3 - {1 If a 


345, Roctify the globe to the latitude and 
zenith, find the men's place by an ehe- 
meris for the given day of her age, or day 
of the month; * ſet the artificial moon 
to that place in the zodiac 3- put the qua- 
drant of altitude to the azimuth before 
found, and turn the lobe till the center of 
the artificial moon is under its graduated 
edge, and "the ir index will point to 
the time of the day on which it will be 

high water. 85 * 
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0 LOB E 8 
In the $oiutron of 

night Angle bee Bel. 
Spherical triangle is formed upon 


A 
| the ſurface of a globe by the in- 
terſection of three great circles. 


327. A ſpherical an gle is the interſection 
- of two great circles that incline to one an- 
other ; the quantity of -any ſpherical. angle 
is meaſured by a third great circle, inter- 
cepted between the legs of the angle, at 
90 degrees diſtance from the interſecting 
Point. 

328. A rig ht A {ſpherical triangle 
hath one right angle, the ſides about which 
- aa oe, 


290 *"Dieription and Of: of the” © | 
are called lege and Oe fide oppoſite to It 
the hypothenuſe. 


329. An oblique angled bertel tri- 
angle has its angles greater or leſs than go 
degrees: the ſolution of ſpherical. triangles 
conſiſts in finding the meaſure of its fides 

1 and angles. 

330. The fides of any ſpherical triangle 
may be changed into anples, and the angles 
into ſides; if for any dne fide, and its op- 
poſite angle, their complement to a ſemi- 

circle 11 * | 


CASE I. 
PROBLEM LXVI. 
The hypothenuſe es one ce being 
given, to find th 


= the right angled. Aae; we 
mne * mos: _ 


he pbk 50 
. The 1222 ACy 


_.. _ Fig. 30. elevate the pole P to 42 
12 the quantity of the given leg AC, and 
number the ſame quantity on the ſtrong 

braſs 


of > -- 


hraſs meridian from. , .the.equator 40 Z, 
che 2enith ; there fix the guadrant of alti- 
tude. Bring that meridian which paſſes 
through London under the braſs meridian, 
and count 64 40ʃ, theamegſure of the hy- 
pothenuſe, on the | quadrant downwards 
from Z to G, and move ittillthe point G in- 
terſects the equator, and . triangle 26 Æ 
will be formed. 
The de E epics the given fide 
AC, the h nuſe BC is repreſented by 
«the arch E G, the required ſide AB is re- 
preſented by G an arch of the equator, 
its meaſure 54 43', beten. E and G 4s 
the quantity fought ; the angle A CB, is 
repreſented by the angle GZ E, and its 
meaſure is found on the arch NO the 
horizon equal to 64 30. 
332. To 160d the other Aude ABC, 
| ingen the meaſare of the ſide B A, 
54 43 clewate the pole agreeable there- 
to, and reckon the ſame from A 4 ; 
[there fax the quadrant of altitude; nomber 
the other leg A C, 429 12/ from to 
on the / equator (the meridian-paſſing through 
London remaining as before) and to that 
point bring the quadrant of altitude; then 


292 Dgeriptim and Uſe of the” 

the arch A O, on the horizon, will contain 
480 00'; the meaſure of the angle . 
equal to ABC, mne angle fought. 


5 eh n. . 


4 REY beriet 


2 PROBLEM LXVIL. 


The hypothenuſe and an WY be- 
ing given, to find the reſt. 


In the right angled mange ABC fig. 
29, are given 


The hypothenlaſe BC 64 4% f the angle — 2 
The angle Ac; 4 {ack 140 


333. Fig. 33. place P p the poles of the 
globe in the horizon HO, and fix the qua- 
drant of altitude to Z the zenith; number 
64 35ʃ, the meaſure of the given angle, 
upon the horizon from to F; move the 
quadrant to the point F, and thereon count 
6490 the quantityof the hypothenuſe from 
Z downwards to G, to which point bring 
that graduated meridian which paſſes through 
Libra , and W her _ will be 
formed. ne goht! flv: 011 mts. otics 


T 1k 
— * 20 
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2 an arch of the quadrant of altitude 

repreſents the hypothenuſe; Z A an arch 
of the equator repreſents the required ſide 
AC equal to 42? 12, and G an arch 
of the meridian; P p equal to 54 43', 
is the meaſure of the other required fide A B. 
Now having found the fide AB, adjacent 
to the required angle ABC, its meaſure 
may be ond by art, 332. 


CASE III. 
PROBLEM -LXVIIL 


A le and its adjacent angle Eg 
given, to find the reſt, 


In the right angled triangle A BC, * by. 
29. are given 


"IVEY AC. 

The ls, 8 5 75 b „ 
334. Fig. 30. elevate the pole P, to 54? 
43', the quantity of the given leg BA; 
count the ſame from to Z, and fix the 
quadrant at Z; bring that meridian which 
pages through London under the ſtrong 
| ; U 3 | braſs 


294 Diſeriftio and Ufe of the 

braſs meridian, 4817 reckon tlie wen angle 
48 805, fröm O'ts A, on pi horizon ; 
bring the quadrant to A, and the tangle 
Z G will be forme. 

We haye the meafure of the required fide 
CA ppon AG an arch of the equator, 
equal to 429 12% and the hypothen: ſe BC, 
upon GZ, an arch of the quadrant, e Juaf 
to 64 40', the angle AC B may be ond 
by art. 332. 


n 8 

PROBLEM LXX . 
Both legs given, to find the reſt, 
In the right angle triangle A BC, fg 29. 


are given 


AB 54 43 the hyp. CB 
ow [4c 225 de 186 


a 36: Fig. 25, elgyate the globe to the 
quantity, 0 cither given leg as A C, 42* 1 12/, 
numbet the. 272 from A to Z, and fix the 
quadrant a at Z, ſet the meridian which paſſes 
through London under the ſtrong braſs me- 
tidian, and count the other 1 leg AB, 

54 
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34e 43“ upon, the equator from, A to.G, 


bring the quadrant to G, and the triangle 
Z G E will be formed. 


The arch ZG on the quadrant of alti- 
tude 64 40 is equal to BC the hypo- 
thenyſe, the arch OA, 64 35/'on the 
horizon, is the meaſure of the angle G2 E, 
equal to the required angle ABC. The 
other' angle may be found by art. 332. 


CASE v. 
"PROBLEM LXX. 
Both angles given, to find the three 

„ ee e des. 


In the right angled triangle ABC, fig. 
29. are given 7 


| ACB 6 the hyp. BC 
Thezngls] apc alete BC 
336. In this fifth caſe, we muſt have re- 
courle to art. 330, and then we ſhall have 
an oblique angled ſpherical triangle abc, 
fig. 31, whoſe fide ab is equal to the angle 
ACE of the given triangle the fide bc, 
equal to the angle ABC; and the fide ac, 


Wo, 
* 


| en Z to 


1 Deſeription and e of the 

Py to the complement of the right angle 

5 80 degrees, which moſt eee. 
ily be H= degrees. 

1 Fig. baden 48? 06" the fide 
beer this ſecond triangle, from P, the 
pole of the globe to Z, Nik there fix the 
quadrant of altitude; then bring the point 
Z into the zenith, art. 192. and count go? 
oo the quantity of the fide ac, from P the 
pole to G, upon that meridian which paſſes 
through = ; number the ſide a b, 64 35 
upon the e of altitude downwards 

then move the globe and the 
quadrant, until theſe quantities meet in one 


point at G, and the triangle P Z G n be 
formed. 


The arch G, on the equator, will give 


the meaſure. of the angle A PG 549 43% 


equal to the We required fide AB; and the 


Ach AO, in the horizon, that of the angle 


GZA 642? 49', which is the complement of 


the angle P Z & to 180 degrees, and is equal 
11 the . BC: thus having obtained 


meęaſuręs of two of the required fides, 


6» — ſulßieiegt data to find the third fide 


A — either by the firſt or ſecond of the pre- 


Fc e ut. 331. 333 
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The uſe of the Globes i in . i 
ſolution of oblique angled 
e triangles. : 


"CASSEL. 
PROBLEM LXXI. 
T wo ſides and an angle oppoſite to 
one' of them being 8 to 9 2 
the reſt. 


in dhe oblique angled Gino rig 
u . fig. 35 . Sf) 


BC 8373 the ide BD 

| — | 
CD 56 40 — BCD 
1 the angles B 50 


e CBD 48 31 

| 238. Fig: 30. Count the fide BC 843? 
13/, on the ſtrong braſs meridian from P 
to Z; fix the quadrant of altitude at Z, and 
bring that point into the zenith; and from 
Z downwards to G, number'56*40'; where 
make a mark for the extent of the other fide 
CD, and reckon its oppoſite angle DB C, 
489 31“, on the equator from the point a 


— 


at G eaſtward, towards , where ſtop = 


globe, arid bring the mark upon the 


drant to coincide at G with the meridi 
PG, which paſſes theo =} then the tech 
PG will contain 114 30% the meaſure of 
the required fide'BD ; and the arch HA 
in the horizon 125? Zul, will be the mea- | 

ſure of the angle BCD; the other angle 
PG Z, equal to the required angle BD C, 
may be found by art. 332, in changing the 
ſides upon the globe. Or, | 

339. If you make a mark os the globe di- 
rectly under the point Z, and bring the point 
G to the zenith, over which the quadrant of 
altitude is to be fixed, and lay its graduated 
edge upon the point juſt marked; it will 
ſhew in the horizon, between the 3 
braſs meridian and quadrant, 620 73%, cou 
meaſure of the required angle P G equal 
to the angle BD C. 
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41 2 178 4 Is; 


ER 


ti ae 


rROoBLEN 00 


233 
one of chem e de eo find 
the reſt. x v1 24G 5 24 


In the eblique angled triangle BCD; 
fig. 32. are given 


the angles} 188 2 gk ze 
N BC 33 13 the angle DBC 

340. Fig. 30. Reckon the angle BDC, 
629 51', which is oppoſite to the given fide 
upon the equator from = eaſtwards, and 
bring that _ to M, ; count the given fide 
BC, 830 13' upon the quadrant of altitude 
from Z downwards to G, . where make a 
mark, and number the other given angle 
BCD 125 30, in the horizon from H to 
A; ſet the lower end of the quadrant to the 
point A, and hold it there while you flide 
the pole of the globe higher or lower, until 
the mark on 155 quadrant at G, interſects 
that meridian which paſſes through =, and 

at 


300 — Us of the 


at the ſame lime, that the aasee 
per end of it may be exactly in the zenith, 
where fix it, — the 1 * wall 
be formed. MM. 55 he 
| 'The arch PZ, of the Qrong braſs meri- 
dian;/ contains 80 40%, the quantity of the 
| yn 19: ater cags. ry ge 
30', is equal to the other required fide B D, 
* PEERS be 1 


Ans ank f Ge (Sf 2 ge n 
CAS E n 
| Ns 36k LXXIII. 


Two ſides and their "TP! angle 
given, to find the reſt. 


in ie oblique angled ge BCD, 


fig. 32. pe agg 


oy 


BC 97 5 the fide BD 
the ſides 
1 ee be 
5 3⁰ | | 


JSM holy] k 
341. Fig. 30, Opus che de CD 565 
400 from P to Z on the ſtrong bras me- 


ridian ; bring the point 2 . zenith, 
18 .it ix, che quadrant of altitude, and 


number 


number from Z downwirds to „0 We quan- 
tity of the ſide BC 83⁰ 55 and there 
make a mark; then count the given angle 
BCD, 1255 30“, on the horizon from! H 
to A, and to A bring the quidrant; läſtly, 
bring the meridian which paſſes through 
to the point G marked on the quadrant, 
and the arch PG, 114% 407; will be the 
meaſure of the required fide BD, and the 
equatorial arch A G, 63 51 is the mea- 
ſure of the angle BD C, equal to the angle 
G PZ: the other angle may be found as 


before ſhewn, art. 332, 339+, 


CASE IVW. 


Two angles and gl 
| given, to find the reſt. 


In the oblique ane triangle B C D, 
bg. 32, are given 101 1 N 0 NN 


C: - > : 
, 3 eee 9 


the ſide C the angles DBC 
un] BOD, 5 7 — the ſides 9188 


342. Fig: 30. Number tlie ſide CD, 865 
10 from P to Z, and bfing Z into che 


8 zenith, 


. 


"PROBLEM LXAXV. 
Three ſides given, to find the angles. 


In the 6blique angled triangle BCD, 


FBC 83 13] F n BCD 
The ſides 5 CD 56 40 f to find the angles 5 CDB 
++ * e | BC 


343. Fig. 30. Number the ſide CD 562 
49', on the ſtrong braſs meridian from P to 
Z, bring Z into the zenith, ,and-to, it fix the 
t of altitude; count the fide BD, 
14 zo! on the meridian, . which paſſes 
through = from P. io G, and the fide C B 
550 6 83 


ca nnd Nerd Glen. zez 
830 13 upon che quadrant from E. down- 


wards to &, then move the-globe ant qua- 
rant, until the two Gaſt points ccinride. 


The arch HA T2570 20/ on the bariem ö 


will be the meaſure af the angle PEG 
equal to the required angle C B, the n 
ES of the equator 82 1737, che uraſute 


of the angle PZ, qual to the tangle 


* Thus — ny 0 of ale re- 


* N 5 


CASE VI. 
PROBLEM LXXVI. 
The angles given, to find the ſides. 


In the oblique angled. triangle B CD, 
fig. 32. are given 


BCD 125 20 


BC 
The mo {cps 62 nee 
DBC 48 31 DB 


44. This caſe may be refolerd as the 
fifth caſe of right angled ſpherical” triangies 
art. 336. by converting the angles into ſides, 


then — the angles as in the: laſt pro- 


blem, 


— 


% Dyer hee, aul Up of the» 
blem, where the angles in the converted 
rene fades required in this. 
Having ſhewn howto e all the cas 
in right and oblique angled” ſpherical tri- 
angles, we proceed to ſhew the extenſive 

- uſe of the globes in the ſolution of a few of 
tte principal aſtronomical problems, accord- 
ing to Dr. Flamſted's doctrine of the ſphere; 
and as we do not know theſe have ever yet 
deen applied to the globes, hope the reader 
will think them both entertainipg and uſe- 
ful. | 
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Uſe of the Globes in the 
| . Ne 

— 1. Ws al ih. 

2 oa AS rhe 40 1 406 #64 45 T7 
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Grvan; 1 
ecliptic in v 12 15. 50 
clination of the fle of "the 
Sur and ecliptic, 23 29. " 

To vixp the ſun's right aſcenſion 
from the firſt point of Aries, the 


ſun's diſtance from the north pole 
of the world, and the angle, which 


the meridian, paſſing through the 
ſun at that Place, makes with wt 


ecli 4 ic. 


345- 13 34 The circular tad Fe 

'S, A, M, F. repreſents the ecliptic, e its 
pole, P the north pole of the world, ele- 
vated 664 degrees N the firſt point of W. 
The * is Rppoſed to be placed directiy 


X over 


I: £175 


2 — 55 . WIS * © WP 
— 4 


* 


SP, 66" 31. . 23 


06 Bg feviprion m "Uſe of 'the': 


| 
this figute with tlic globe 


Make a mark ©, at 120 15 in Taurus, 
to repreſent the ſun's place in che ecliptic, 
and turn the globe till that meridian which 
paſſes through = interſects the point ; it 
will then repreſent n nn at 
that time. 

The globe being thus redißed. ee 
between the ſun's proper meridian P ©, and 
the ſolſtitial colure S PV, here repreſented 
by the ſtrong braſs metidian, with the arch 
© S, a ſpherical triangle & SP, right 
ut S, in — we, have the fol. 


bree See hg. 34 non A | 


5 & 476 45 PP * , | 
Which is the ſun's diſtance from the Gt 
point of Aries. ＋7 14 


29% the diſtance of the poles of tlie * 
tor and ecliptic. 


To find, the angle S P , che ent 


of, GP Y, the 15 8 right aſcetifion from 
the firſt po De ries, art. 202. 
The ſide Po ©, the ſun's diſtance from the 


north pole of the world. And 0 


180 . 
- == " 


| The 
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The-angle c © P., which is the. angle that 
| the mend pſig by ke ap ok 
n the cee. 1 i Titten 


= 


i 


We obtain che meaſure.of tha firſh by 
numbering the degrees upon the £quator, 
between the ſtramg braſs. meridian, and thay 
which paſſes through . which. are equal 
to 503 12/, ts complement 41 39 4 id gha 
ſun o right aſcenſion. which is that angle at 
the pale formed by the — em" 
Uh with the meridian V. P. n 
Note, This areh ef the equator could 
wt de veptalinced in fig. 34. it being under 
the broad paper circle; but the reader will 
ſee it plainly when the — is thus recti- 
fied. 

The quantity of the ſecond poſtulatum, 
which is the .ſun's diſtance from the neareſt 
pole, is found by inſpection, 74 27/ upon 
the arch P © of that meridian paſſing thro' 
A, its complement Pi, equal to 15? 33%, 
is the diſtance of the north pole from the 
edge of the illuminated diſc, repygſented 
upon the globe, as in fig. 34. by th&Jemi- 
circle feg, the black line fe being the 


ay of — and the other dott . 
| [<1 X 2 2 - 


- 
— 


368 --Dyſoription-anit Uſe of the. 
half e g being ſuppoſed; or, if thie reader 
pleaſes, he may repreſent it with a ſtring. 
This complement P i is, by Mr. Flatmſted, 
called the reflection, ben to 
che ſun's declination.” - RET A URIC ) 
"Laſtly, the ineaſute whe ws P, 
is 'obtained by ſcrewing the quadrant to e 
the pole and zenith point of the echpitic, and 
counting 90 degrees from G to f; thither 
bring its lower end, then will the arch G1 
be a quadrant alſo and the quantity 720 
10, counted from f to ij, upon the: quadrant 
of altitude, is the meaſure of the required 
ey SP, formed * ee 0 


"OL Ov . „ 
148 3 
F F - FF 2 * ** 
— g 13 'Y nl - tft 
- * + 
, 
| 39s I 
1 D 81 
a 
X . * 
* > - . 
aA — . . r 
1100 % Tx 4 OZ 45 5 tx 04 Voc De! 1 4 
IC] 1114 ih [ ! | i * 
. Fu . r þ : „ =» ; 14 x 1 Lam: 3 2 1 * 0 
9 9 * oy a 4 : 4A * , 90 +. ol S 41 * 
— wy - — =» 


Sy * # v — 0 1 » s 4 £ ” 
M07 $Wq eee 36) 40 22nkIb 201 «© 

. ? : * . : . Z , : - * 
Dee ohh enemies 


= , — 114 . ' | : : ” 
IL EISE1 109 nt 1; 25141619 217] [120U 
o . 


* , 
fy E = 4 _ * 1 , « - - 
, 17 , +3 4 2 % : By py 2 * «#33 £ 1 Þ : . 9 
* : . N Lo. * - * * y 9 FF ms A 
: & » & % . $..4 — LW * 4 « - 9 © a $- 10 11. py Wi 
” s. 


46: JP 4 PROBLEM 


Celefttal: and 7. errefirial Globes. 309 
* "PROBLEM" EXXVIL* * 


9 {104 | 


Given, the ſun's place in the p- 
tic 8 12 15 „ che reflection or 
declination La 1 and latitude 
of, the place, f ppoſe. | aulas, 


hw 2. hagen 77 
o find the time of the ſun's AG 
| FP ſetting ; the length of the 
day and night; the amplitude of 
the tiſing· ſun from the eaſt, and 
olf the ſetting: ſun from tlie welt; 
and that of the path of our e. 
tex in che edge of the Wurninated 
diſe. — 18 i801 gon 


30 Pig 35: elevate P, the pole-of ihe 
globe, to 15% 33/, the ſun's declination; 
above the plane of Bd G i, the circle of il- 
lumination: count the ſame quantity from 
Z the equator to G, at which point fix the 
quadrant of altitude; this point will repre- 
{ent the ſun's place; make a mark upon the 
1 on chat meridian Which paſſes tha 
4 3 2 at 


zro VER nd He of ie | 

= at 510 32'-the given latitude; this will 
expreſs 2 point in the path of the vertex of | 
London: bring this point to the etlge of the 
diſe at B, and ſet the | lower end of the qua- 
drant thereto: B is that point in the diſc 
from which the Tun is ſeen to rife, or where 
the vertex of London in its diurhal motion 
from weſt to eaſt, paſſes out of the obſture 
into the enlightened part of the diſc; iPd 
is the ſun's proper meridian, which is re- 
preſented in this by the ſtrong braſs meri- 
dian. O is the place at which the vertex 
of London arrives at noon, being 51 32 
from I the equator to O, and G the place 
in the diſc, from which the ſun is ſeen to 
ſet, or where che vertex paſſes out of the 
Muminated into the obſcure part of the diſc. 
BOG is the diurnal, and G-»-B, on the 
other fide of the diſc, (not here repreſent- 
ed, but to be ſeen upon the globe) is the 
nocturnal part of the path of London. 

If you bring the mark on that meridian 
which paſſes through = to the point G, and 
the quadrant of altitude to the fate point, 
it will be plain that we ſhall have two tri- 
angles formed on each ſide of iP &, the 


ſun's proper meridian, viz. OPB, BiP, 
on 
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on the oriental or aſcending fide, and PG, 
FF G, on the occidental or deſcending fide. 
In either of theſe four triangles there are 
fafticien data to find What is required in 
this problem. In the triangles PB, &PG, 
are given, & P in both, che fun's diſtance 
from the pole, P B, equal to P G, the diſ- 
tance of the vertex from the pole, which is 
always equal to the catpplement of the la- 
titude, with the ſides SB, en each equal 
to 90 degrees. | 
 To'find the angle PBs, r 0 the 
ſun's amplitude from the north, when rifing 
or ſetting; and the angle G PB, or PG, 
the time before noon. But as the two laft 
mentioned angles are obtuſe, - we: chuſe to 
reſolve this problem by one of the two: leſſer 
triangles PBi, PGi, each of . them being 
right angled at b, in which are given, Pi, 
the reflection, 15 33% equal to the decli- 
nation, BP, equal to Po, 380 2855 the dic 
tance of the pole from the vertex. : 
-. To find the angle PBi, or PG the 
complement of G Bi, or 681, the fan's 
amplitude at riſing or ſetting from the caft 
or weſt, and the angle i PB, equal to che 


Wd IPG, which are formed between the 
- „ ſan's 


312 Dgſcription ond Ve of the 


_— proper meridian, and that which:paſſes 
through the, vertex- at ſun-xiſing or ſetting: 


; 4. this changed into time, expreſſes the time 
from midnight, of ſun riſing and ſetting. 
The fide B i is called the amplitude of the 


path of London in the edge of the diſc; and 
theſe are obtained from the e as fol- 
lows. , | 

The meaſure of the ane 1 pi i is N 
ed by inſpection, reckoning! from upon 
the equator to the ſtrong braſs meridian, 
Which is 907 310 if reduced to time, it is 


Ah. 38 m. in the morning, at which time 


the ſun ' riſes at London, when he is in 8 
129 16%, and conſequently ſets at 7 h. 22 m. 
afternoon. Ses art. 249 
The quantity 35 38“/ of the Gas 
fide B i, is obtained by inſpection between 
B and i, upon the edge of the diſc. 


The meaſure of the angle P Bi may be 

attained as follo ys: every thing elſe remain- 
ing as before, bring the graduated edge of 
the moveable meridian to the firſt point of 
on the end ;, then count the comple- 
0 ment 545 22, of the ſide Bi, from i to x, 
Where make a mark; and count the com- 


8 3 of B! P, 860 35 from P to y, upon 
| the 
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the. moveable meridian, where make another 
mark; remove the quadrant of altitude, and 
apply it between theſe two marks, and the 
quantity 25˙ 31/ is the meaſure of the angle 
P Bi, art. 327. This is the ſun's amplitude 
an or N. E. 3" 145 _ 


J 


PROBLEM LXXIX. 


Given, the latitude of the place 51” 
32% or rather its complement 38. 
'28', which is the diſtance of the 
| path of the vertex from the pole, 
and the ſun s diſtance from che 
pole, 74 27% which is the com- 
| APRN: of his declination 1 130 


2330 
To find the ſun's ad FR the | 


vertex at the hour of oy and his 
rc ey at-that time. 


347. Fig. 35. Elevate P, tlie gol habe. 
globe, to 152 53/, the declination; bring the 
moveable meridian to that which paſles 

through London; flide the artificial horizon 


$14 Deen ha, an Us of . 
to 31 32/, the latitude of the place, and 
turn the globe till the fixth hour upon the 
equator comes under the graduated ſide of 
er arent braſs meridian then the =o 

paſſes thro =, Il repreſent the fix o'clock 
hour; circle FRE AS fix the quadrant of 
altitude to 15* 33', at the point ' ©, counted 
from the equator ;. turn the quadrant to 
the point K, which repreſents the center of 
the artificial horizon, and the Proper triangles 
will be formed. 

In the right, angled. ſpherical triangles 
AP@,KP9, right angled at P, are given 
PK, equal to PA, 38? 28“, the diſtance 
of the vertex from the pole, P, the path's 
diſtance from the pole 74* 27. To find 
&K, or G A, the ſun's diſtance from the 
vertex at the hour of fix, and either of the 
angles, G AP, or GK P, the ſun's azimuth 
from the north at the ſame time. 


It is plain that P, being the ſun's / pro- 
per meridian, FP g at right angles to it, 
muſt be the hour circle of fix in the morn- 
ing and evening, and that the ſun riſes, 
when the vertex B comes in the weſtern 
edge of the ſun's enlightened diſc. Therefore 
Cs it 


cha and Terrifirial" Olobes. - 31 5 
it muſt be at K, at fix o'clock in the morn- 
ing; at noon the vertex will be at O, upon 
OP, the ſun's proper meridian; and at ſix 
in the evening it will be at A, upon the fix 
Schock bour- circle again; and when the 
vertex arrives at G, upon the eaſtern edge 
of the diſc, the ſun will rr er 
ward of the verten. 

The required ſide & K, which is the nt 8 
diſtance from the vertex, is found by count- 
ing the quantity 77 53“ upon the quadrant, 
from © to K; and the angle G K P, 80% 
11/; the ſun's azimuth from the north may 
be meaſured by producing the fide K ©, to 
go degrees from K to m, (art. 327.) the 
fide K P being already produced on the 
other fide of the ſtrong braſs meridian, K P 
is known to be 38* 28'; therefore count 
its complement 51% 32', from P to n, upon 
that meridian which paſſes through =, and 
there make a mark; now remove the qua- 
drant of altitude to cut the oppalite point 
of the horizon to that at which it ſtood bo- 
ſore, and count therean from down- 
wards 12 œ to m, where make another 
nk . W- 


3? 


$71] 
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to theſe two marks will give 80 11/, the 
ſunsazimuth from the north. | 
Note, A flexible; ſemicirele of poſition, if 
applicd with the quadrant of altitude, * 
cee ee ip this and; any, IO 


ol eh RHO%W; + 


(en 14 ai LXXX; 1 _ 
To. find the ſun's diſtance "TI the 


1 


vertex when due eaſt or welt, 
and the hour, or time from noon, 
when he ſhall be in either of | 


theſe Points. my 


43785 Fig. 35- the north bels ofthe f lobe 
bemg elevated to the ſun's decſinition, 28 
in che laſt problem, and the quadrant fixed 
at G as before, the moveable meridian placed 
on that of 1-2 oo and the center of the 
artificial horizon ſet to the ſame point; 
turn the globe ſo that the graduated edge 
of the quadrant may lie upon the eaſt and 
welt points of the artificial horizon, and the 
triangle © KP will be formed; in which 
is given G P, the ſun 's diſtance from the 
pole 74 27“; PK the diſtance of the 
, path _ 2 5 38? 21'; OK, the 


ſun': 5 
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Lun's diſtance from the vertex, when due 
eaſt and welt, may be Wund by inſpection, 
counting from & to K upon the quadrant, 
700 of: the meaſure of the angle 9 EK 
is alſo obtained upon the equatöf, counting 
from that point where it is croſſed by the 
quadrant of altitude; ta its ĩnterſection with 
the graduated fide of the ſtrong braſs. meri- 
dian, 77* 53's in time 5h. 9 m. from 
noon, which is 51 min. paſt+6 in the morn- 
Nog os at; 9 min. paſt Saen, 
when the ſun is due: eaſt or weſt. 
The ſun's: diſtance 70 O from the ver- 
tex as found above, hen due (eaſt; ot Weſt 
ſubtracted from 90 degrees, leaves 20 deg. 
which is its altitude above the horizon, at, 
either of theſe tines, for G V, G W are 
quadrants, from which, if we take Ki ft, 
the firſt, or 0 A. in the ſecond, it. is K'v, 
in one / and Aw in the other, n to ; the 
ſag's bet +; 


1 1 "4 "4 
- 2868 : 
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PROBLEM 


 Doſtription and Uſe of the ' 


8 "PROBLEM. LXXXI. 3 
Given: the hour from noon, viz. 9 in 


the morning, which is 4. hours 


BY RY; and the ſun's Aae 


from the pole, 74 29. YER 11, 
To find his diſtance from the vertex. 


he Fig. 405 Neuen P'the pole of the 
globe to the ſun's devlination; U g. 337 ſet 
the moveable meridian to the vertex'of a 
don, and flide the center of the artificial 
horizon to that point at K, and turn the 
globe, until the eighth hour-circle marked 
upon the equator comes under the graduated 
fide of the ſtrong braſs meridian; the qua- 
drant of altitude being fixed ac the point © - 
as before, turn it to che peint K, and the 
triangle PK vin be formed; in which 
is given the angle K.P ©, four hours from 
noon, PK, 387 28 the diſtance of the 
path from the pole; © K the ſun's diſtance 
from the vertex will then be found, by in- 
ſpection on the quadrant, counting from © 
to K 597 20/. air 
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PROBLEM, IAXXHL, __ 


Given the ſun's diſtance Rant ho | 
pole 74 27', the. latitude of the 
. 51 32% and. the / ſun's diſ- 
tance from the D 
vation, 46 11. 

To find he time of the day when 

the — upon-which che fun 

was at e 1 


nin de IN "a 
350. 78535. (elevate By the pole of the 
globe to r 5 337 the completnem or theſim's 
_ diſtance from the pole; bring e moveable: 
meridian to the vertex of London, and ſlide 
the center of the artificial” horizon to that 
point? then ſcrewy the quadrant ta G tha 
zenith of the illuminated dif; and Bring 
its graduated edge to London; and move 
the globe and quadrant, that the vertex muy 
cut the quadrant. at 46 1 the obſerved 
diſtance counted from © to K; and an ob- 
lique angled triangle O K P will be, formed 
n. the globe, in which we- have three 
ſides 


——— — ys nant mm 


— — — — — — 


| Ann at the fame height or. diſtance. 


320 — O of then 


. 64.- £,042r ny 2 
from the pole, &. K his obſetved diſtance 

from: che. verten g / ingthe, a 
and K P 38 f/ the diſtance of pole 
from che vert? te find; tht angie K FO, 
e were e ee 


_ 
T is 


nes which will be found 362 — ure 


7 h., 25 m. in t om goon, Which. is 35 


minutes paſt 9 Clock in the morning. bs 

The angle P * MfG Hamel by 
producing the arches\/whidyrinctude the 
angle to tlie diſtance of ;youdeg-; from the 


angular point as in art. 352. or by art. 339. 


and it will be und 127* 40/,- or II points | 
of the CotnpAU from tlie north, - reckoned. 
round by the eaſt, or SEbE,- 3* 35 
ſouthetly. me to ev ni yr Mit 

If the obſeryation had been made in the 


from "the vert the anfwers Would hate 
been the? ſame, but in 3 cbntraty di- 
rection- at; $9} en ben ig att; 
By wie problem we way fegulate our 
ctocks/at any time of the day, without ſtay- 
ing till the ſun comes to the tieridian; if 
the —— be taken by a large qua- 


rec 1 drant, 
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drant, and you note the time by the clock 

vrhen the obſervation was taken; and the true 
time anſwering thereto be found as above, or 

by - calculation, the difference between this 
and the time pointed out by the clock at the 
inſtant of obſervation will ſhew how much 
the clock is a We- x01 pee - 


A 
PROBLEM XXIII. 


Given, the latitude of the place g, Mn. 
32', the ſun's place v 12 15 
the ſun's right aſcenſion, 3948“ 


at one o clock afternoon, being 
the time when an IR was 
made: | 4 


To find, what point of the e 


culminates upon the meridian, 


which is the higheſt point of it, 
or the goth degree from the points 


wherein it interſects the horizon, 
and conſequently © thoſe points 
themſelves ; the diſtance of the 
nonagefimal and mid- heaven points 

Y — en 


. 
— ono Oe — on — 


— 
. 
— 
r ˙˙—˙————x—x—x— — ! ˙ V ² ˙¹ẽ tn — e —ͥꝗw 71: 7˙˙˙,. —⁰¹wwAK ˙ͤQy . ²˙ Ä — 
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from the verten; and the angle 
1 made by the vertical circle palſitig 
x Head the. RA at a6. He e 
the-eoliptic. 


G 26» The. 8% cena Pu the pole of. the 
gh to 66 4 degrees, count the ſame quan- 
tity from the equator to e, there fix the 
quadrant of altitude ; this point e, will then 
be the pole of the broad paper circle marked 
Y.9 3, which now repreſents. the. . 
br, e put a mark, at 8 125 

g/ for the place of the ſun; bring the gra- 
ae edge of the moveable ne Ian firſt 
to the vertex of the given place, in this ex- 
ample London, and bring the center of the 
artificial horizon thereto; next ſet, it to the 
point marked ©, and the horary index to 
that XITth hour upon the equator which is 
moſt; elevated; and turn the globe until the 
given time one hour from noon comes under 
the horary index. Then ſet the graduated 
edge of the quadrant of altitude to the ver- 
tex at E, and the globe will be rectifed for 

4 ſolution of this problem, in which we 

have two ſpherical triangles, PS D, and 

e PE. 


E, is 
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Ex is that point in { the' path on which the 
ter is t one o clock afternoon, P, that 
point the ecliptic which then culminates 
| upon e meridian E 8 S. the angle made 
by.! E © the vertical circle then paſſing. thro” 
the fun with the ecliptic; ; the. point © T in 
"the ecliptic, which is cut, by the quadrant 
of aitltöde paſſing through E, is eta 
the nearelk point to the vertex, or the high 
eſt or honagefin imal [ point o of 1 it. ET is The 
diſtance of the point T from the vertex E, 
and E D the diſtance of D from the vertex, 
which is the point E * 
the meridian. ROS 

In the triangle D 8 P, is given, the angle 
[251 P D, the complement of TP PD, which 
is the right aſcenſion of the mid-heaven, 
the ſun's given, , right aſcenſion, 395 4855 | 
agrezable, to the , ſun's place Þ 12 SI, at 
noon, to which the addition of 15 for one 
hour after noon, as we did above in recti- 
Hing the globe, makes the angle vPD 
54 48% the preſent right aſcenſion of the 
mid- heaven and PE D the meridian at that 
time; P S 66˙ 37, and the angle * 
right. 


T2 . 
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I. To find S D, the complement; of; . 
D, the longitude of P D the mid-heaven 


from the i Poa which ch is 85 
rabid on the cc © here repreſented, by! 05. 


broad paper 25 TD * S. 1 2 
525 5. 


„ Or between an 


Wie which i 15 27 d 14 52 


Taurus. is chat point ecliptic. 

which 9 upon the meridian at that 

— pegs we may . readily find what 
of che ecliptic riſe, and, ſet. at the 


—4 18180. {Ty 10382 "Ott 


i The. quantity 702... 27! contained between 
P the pole of the globe and D upon the 
moveable meridian, i is the diſtance of D the 
mid- heaven point from the pole ; ; 0 if we. 
deduct PE 38.28, or count the quantity. 
between D and E, we ſhall 1 have 31 59's. 
the diſtance” of the point D in the ecli | 
which now . 8 hen meri 7m 
the vertex E, its com d _ 
being 5 8 TG the h hr of the ecliptic | 
at Ri time, or or the men of the e eclip- 


1 1 


tic to. the horizon ms of "the. place S61-.d2ulw 


1 DAS Tr 


II. Jo » find 8 T. the. . 
1 T, e is Sh & the nonay, 
©Q. 10 gi 99107 0.1 > 1 1 


_ © 8 
>< © 7991 . 7 
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Seam und f E ts diflaice font the 
vertex; - bale > 9 1 18 bunian- {4 


16, the oblique * an gled 3 7 ical ans 
E, are Ben e 235 1 20% the diſtance 
ſd cad les 67 the ec quator and ecliptic, PE, 
the de with tlie included 
erk 144 48% the comp lement of 
35 ⁹⁹¹ the diſtance of the mid-heaven 
from the firſt point of S to 180 degrees. 
The meaſure of this angle is obtained upon 
the equator between the ſtrong braſs, and oe 
moveable meridians. 


To find the angle Pe E, as it is included 
between e, the ſtrong braſs meridian, and 
eT the quadrant ;” we have its meafure 
24 44 ib the arch S T of the ecliptic, 
its complement 65 16/ is Y T, the longi- 
tide of the nonageſimal from the firſt point 
of Aries, or It 5 16" its diſtance E T from 
the vertex E, is galhed on the quadrant of 
altitude 315 2% the complement of which 
885 5 8 is the alba of the ecliptic above 
the Waben at this time ; or it is the angle 
which the planes of the ecliptic and horizon 
make with euch other; as T is the higheſt 
point of the ecliptic at this time, uin 
" Jobgitude" in IT. 55 16/, three ſigns or 90 
2 degrees 
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degrees counted on the broad paper circle 
from T towards x will give M 5* 16! for 
that point of the ecliptic which is then riſing, 
and the ſame quantity counted from T to- 
wards y will fall upon K. 5 160 which 
point is then ſetting. 


III. To find the angle E ry T being that 
which a vertical circle E & paſſing through 
the ſun at chat time makes with the eclip- 
tic; this is called the parallactic angle. 
Io repreſent this angle upon the globe 
it is neceſſary to have a flexible ſlip of braſs, 
or a ſlip of parchment about the breadth 
of the quadrant of altitude, with the di- 
viſions inſcribed on it with a pen; if this 
ſlip be applied to the point © and its gra- 
duated edge laid over the vertex E, and 
extended to the quadrant of altitude firſt 
removed to x go degrees from © it will in- 
terſe& the quadrant at v the quantity upon 
the quadrant, from x to , will be 56* 29/, 
the meaſure of the parallactic angle E & T. 
The reſult of this problem i is as follows: 


That point of the edliptic which culmi- 
minates on the min ie th. 27 60 its 
diſtance from the vertex 31 590, the 1 8 
or nonageſimal point of the ecliptic, ar | 
5 16/, 
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5? 16% its diſtance from the vertex 31*;2/, 
the riſing point of the ecliptic 'X 5* 160, its 
ſetting point * 5* 16/, the diſtance of the 
nonageſimal from the mid-heaven 8* 10/, 


and the parallaQic angle at this time 56* 59/. 


PROBLEM LXXXIV. 


Given, the latitude of the place, 
right aſcenſion and declination of 
any point of the ecliptic, or of a 
fixed ſtar : 

To find. its riſing or ſetting ampli- 
tude, its aſcenſional difference, 
and thence its oblique aſcenſion. 


352. Fig. 36. elevate P, the pole of the 
globe to 51* 32', the latitude of Lon- 
don ; then the diurnal parallel of the firſt 
point of Cancer will be repreſented by 
S F, the tropic of that name, marked 
SeF, in ſig. 36, bring the firſt point of S 
on the ecliptic line to the graduated edge of 
the ſtrong braſs meridian, and e will be the 
point where it riſes ; to this point bring the 
gradughed edge of the moyeable meridian, 

R Y 4 " repreſented 
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repreſented in the figure by Peg p. then 
ae, upon the horizon at H O, or the angle 
22 e, from the angular point Z m, the ze- 
nith will be its riſing amplitude, from the 
. exſt at Aries, towards the north point of the 
horizon at o, and a g, determined by the 
moveable meridian, which now repreſents 
a circle of right aſcenſion paſſing through 
the points e and g, and the horizon its aſ- 
cenſional difference, which ſubtracted from 
its right, leaves its oblique aſcenſion. 


The aſcenſional difference is the difference 
between that point of the equator, which 
culminates upon the meridian, with the firſt 
point of Cancer, and that other point of 
the equator which riſes with it aboye the 
horizon; it is here ſubtracted, to find the 
oblique aſcenſion; becauſe that point of the 
equator which riſes with the firſt point of 
Cancer, comes to the horizon before the 
point of its right aſcenſion, or that point 
with which it culminates upon the meridian. | 


In the triangle a ge, we have ge, the 
northern decl nation of the paint e, in the 
diurnal Parallel of the firſt. point of Cancer, 
* equal to 23* 29, the angle ga e, which 
is the inclination .of the planes of the 
equator, 


— 


- * 7 9 
4 
- 


— 
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Equator, and H O the horizon, wich che 
angle at g right. Whence upon the horizon 
we obtain between a and e, 39˙ 50“, the 
riſing amplitude of the firſt point of S, 
which is N E b E, and 5. 20] more. Up- 
on the equator, from a to g, we find 33 
95, the aſcenſional difference of the firſt 
point of Cancer: which ſubtracted from 
go deg. the right aſcenſion of that point, 
leaves 56* 51, its oblique aſcenſion. 


Every thing elſe upon the globe remain- 
ing the ſame, if we bring the moveable 
meridian to the point n, where the tropic 
of Capricorn interſects the horizon, we 
ſhall have another triangle a ben, equal to 
the former, wherein the firſt point of Ca- 
pricorn has the ſame amplitude 230 29/ from 
a, in the eaſt, to n, towards H, the ſouth 
part of the horizon, that the former tri- 
angle had towards the north; and this 
added to the right aſcenſion of the firſt point 
of Capricorn, 2700 oo, gives its oblique 
aſcenſion 303 og, becauſe that point of 
the equator which riſes with the firſt point 
of Capricorn comes to the horizon after the 
point of its right aſcenſion, or that with 
which it culminates upon the meridian, 


353• Note, 
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353. Note, Every ſtar which riſes with 
any point of the ecliptic has the ſame ob- 
lique aſcenſion with that point. 


The ſtar marked v, in the leg of the c con- 
ſtellation Bootes, of the fourth magnitude, 
which is repreſented in fig. 36. at the point 
N, having its north declination f Xx 17 21/, 
its aſcenſional difference a f, riſes above 
the horizon with the ſame point of the equa- 
tor with which e, in the diurnal parallel of 
the firſt point of Cancer, riſes. So that ha- 
ving its right aſcenſion 204%, and declina- 
tion 17 217, its aſcenſional difference and 
oblique en may be found in the tri- 
angle a f &, in the ſame manner in which 
the former were found in the e 
a2 8 . 41. 

As the aſcenfional difference is ſubtracted 
from the right aſcenſion to find the oblique 
aſcenſion, if it be added to the right aſcen- 
ſion it will give the oblique deſcenſion. For 
that point of the equator which ſets with 
the diurnal parallel of the firſt point of 
Cancer, comes to the horizon before the 
point of its right aſcenſion, or that with 
which it | culminates upon the meridian. 
Hence we have-another method of finding 

rs the 
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the length of the day at London, or elſe- 
where, when the ſun is in [the Giſt point 
of Cancer, or any e, Hun of his ny 
clination, via. 

354. SubtraRt the ſun's aſoenſional dif- 
ference in time from fix in the morning, 
the reſidue is the time of his riſing add it 
to ſix in the evening, and it gives the time 
of his ſetting ; then doubling the firſt you 
obtain the length of the night, and the 
double of the laſt will be the length of the 
day. And after this manner all theſe par- 


ticulars may be n 


point of the ecliptic in all latitudes. 

As the riſing and ſetting of 0 ofthe 
principal fixed ſtars are mentioned by ancient 
writers, as criteria, by which to judge of 
the commencement of ſeaſons, and. the be- 
ginning of times ſet apart for, religion, huſ- 
bandry, politicks, &c. we have judged it 
neceſſary to add the following problems, as 
a farther elucidation of the twa former, art. 
302 and 303. | | 


PROBLEM 


2 —— 


rr TH, ro oz dA 
— = * 


YT I Bow 


A *PROBLEM- LXXXV. 
cen the latitude of the MA the 
à ſtar riſes or ſets, and the altitude 
of the nonageſimal, when thoſe 


points are upon the horizon: oF 


Jo find i in what points of the eclip- 
tic the ſun muſt be to make the 


ſtar when riſing or ſetting appear 
bal free from the ſolar rays; and 
thence the times of its heliacal 
aeg and ſetting. 


385. Fig: 46: Elevate P, the pole of the 
globe, to the latitude” of the place, and fix 
the quadrant of altitude in the zenith at 
Z, and HO will repreſent the hotizon. 
Turn the globe until the "given ſtar juſt ap- 
pears at & in the edge of the horizon, and 
a will be that point of the ecliptic in which 
the fun muſt be hen the ſtar riſes and ſets 
with it; Let us ſuppoſe the ſtar at & to be 
| _ Gs — which requires that 

Ft the 
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the ſun ſhould be depreſſed 12 degrees be- 
low the horizon, that the ſtar may appear 
free from the ſolar rays : having noted the 
point a, on the ecliptic,” move the quadrant 
until the 12th degree below) the horizon 
interſects the ecliptic at s, then Zs will re- 
preſent a vertical circle, in which the ſun 
at s is depreſſed 12 degrees. 

So in the triangle a C'S, right angled at 
C, we have the ſides, C8, 12 degrees, the 
requiſite depreſſion of the ſun below the 
horizon, to free the ſtar from his rays, or 
that point of the ecliptic at 8, to make the 
ſtar at & firſt heliacally viſible when it riſes, 
or from which we may ſee upon the other 
fide of the globe when it ſets heliacally. 


The angle SaC is the altitude of the 
nonageſimal, or inclination of the planes of 
the ecliptic, and horizon; and the angle at 
C. right, being formed by the interſection 
of. a. vertical circle with the horizon : the 
meaſure of the angle S a C, is obtained by 
inſpection on the braſs | meridian from O0 
to M, the point in which, the, tropic of Ca- 
pricorn cuts that circle; the ade 38, being 
an arch of the ecliptic, through which the 


Sl paſſes, from the ab lar at v — 
Wl 


> 
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wich him to its heliacal riſing,” or an arch 
of the ſame quantity on the other fide of 
the globe, through vchich the ſun muft 
have paſſed from the time when the ſtar 
ſet Heliacally, to its ſetting with the fun, 
which, as in the former caſe; added to the 
point of the *ecliptic, in which'the ſun is 
when the ſtar riſes with him, gives the point 
he is in at its heliacal riſing; and in the 
latter caſe ſubtracted from that point of the 
ecliptic the ſun is in when the ſtar ſets with 
him, leaves the point he is in at the ſame 
ſtar's heliacal ſetting. 

Thus having found the points of the 
ecliptic in which the ſun muſt be when any 
ſtar riſes or ſets heliacally, againſt thoſe points 
in the kalendar, on the horizon, you obtain 
the, month and day. | 


As the diſtances of the fixed ſtars, from 
one another have been found the ſame in 
all ages, it is probable they have no real 
motion of preceſſion, but only an apparent 
one, cauſed by the retroceſſion of the equi- 
noctial points, which are found to recede 
from their ancient ſtations at the rate of 50 
ſeconds every year; this alters their longi- 
_ but their latitude does not vary: hence 
their 
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their places being once determined to a 
known year, their longitudes may be aſcer- 
tained for any time paſt or to come, by 
the ſole ſubtraction or addition of fo many 
times 50 ſeconds, as there are years between 


that to which the given ſtar. is rectified, and 
that to which it is required; or knowing 
the quantity of preceſſion from any former 
period, the diſtance thereof in time may be 
obtained, by reducing it into ſeconds, and 
dividing the reſult by 50, the quotient will 
| give the number of years, as in the — 


ing * 


| _ ExamPLE I. 


© Given, 1908 years. To find the quantity 
of the preceſſion for that iy 


1908 years 
Multiply by. - = $50 ſeconds. 


 60)95400 


bo)15g0 


Anſwer - - 26* $6: preceſſion i in 1968 
years. 


4 


EXAMPLE 
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ExamPLE II. 


Given, 269 30/, the quantity of the pre- 
ceſſion to find — time 


269 
Multiply by © 60 


I 590 minutes. 
Multiply by 60 


Divide by 50)95400 ſeconds. 
Anſwer - 1908 years. 


The regular change in the preceſſion of 
the fixed ſtars, or rather the conſtant retro- 
greſſion of the equinoctial points, ſeems to 
cauſe an irregular variation in their right 
aſcenſions and declinations, more or leſs, 
according to their diſtances from the pole 
of the ecliptic. Whence it may not be 
improper to ſhew how theſe may be found, 
as the coſmical, achronical, and heliacaj 
riſings and ſettings of the fixed ſtars, found 
by the preceding problems, have reſpect 
only to the preſent age: and the following 
problem, with which I ſhall conclude this 
treatiſe, will ſhew the reader how to deter- 
mine the ancient place of any ſtar agreeable 

to 
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to the time of ancient authors, if their au- 


— * be e on. 


PROBLEM LXXXVL. 


Giren, the latitude and ancient 


longitude of a fixed ftar : 


To find i its right alen en and de- | 


clination. 


Elevate the celeſtial globe to 661 degrees, 
bring the pole of the ecliptic into the zenith, 


and there fix the quadrant of altitude; 
apply its graduated edge to the given ſtar, 
and it will cut its preſent longitude, either 
on the ecliptic or broad paper eirele, which 
in this poſition of the globe coincide with 


each other: make a mark on the quadrant, . 


at the, latitude of the given ſtar, and remove 
it to its ancient longitude, as found above; 
then bring the graduated edge of the move- 


able meridian to the mark juſt made upon 
the quadrant of altitude, and ſet the center 

of the artificial ſun to that point which will 
then repreſent the ancient place of the given 


ſtar. That point of the moveable meridian, 


upon which the center of the artificial ſun 1 


2 Was 
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was placed, is its ancient declination z and 
that point of the equator, cut by its gra- 
duated edge, is its ancient right aſcenſion. 
The globe being thus rectified to the 
place and preceſſion of any particular ſtar, 
- as given us by ancient authors, the times 
5 of the year when ſuch ſtar roſe or ſet, 
either coſmically, achronically, or heliacally, 
may be thus obtained by the preceding pro- 
blems, agreeable to the period of the author 
under conſideration. 
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A TABLE of Retroceſſion and Autumnal Equi- 


noxes. 

Retroceſſion Auturknaf Equinokes. 
Leis. P. H. M. Days, H. M.“ 
6000-f #5 20 © || 2191454 4 0 
5000 | 38 4 40 || 1826211 19 20 
4000 | 30 13 20 EE — 40 | 
3000 þ 22 22 © 
2000'f 15 6 30 308% 7 
1000. | 7 . oe 
900 f 6 21 © 8718 

o& | 6 2 40 e 

70 5 8 20 2 rs 40 

600] 4 14 © || 21945 10 © 

500 f 3 19 40 [ 182621 4 20 

400 |: 3 1 20 146096 22 40 

300 [ 2 7 © |] 109572 x74 © 

26& | 1 12 40 | 73048 

100 |_ 0.18 2038324. 5 * 

o | © 16 30 32871 19 30 
o | © 14 40 || 29219 9 20 

10 o 12 50 25566 23 10 

o| 011.0] 21914 13 © 

50 O 9 10 18262 2 50 

40 OO 7 20 14609 rb 40 

30 |. 0 5 30 [ 10957 6 30 

20 | © 3 40 7304 20 20 

ro oO r 50 38052 10 10 
3 3287 4 21 
: 12 28 2921 22 32 
7| 6 117 || 2556 16 43 
© 0.15 2191 10 54 
5| 0 9 55 1520 5 8 
4| 6 & 44 ]f, , 1460 23 16 
3] $ 0 33 1095 17 27 
2 | 0 o 22 730 11 38 
1| 6 01 E 1 


Deſcription and Uſe of the 


A TABLE of Months. 


teral 
haracters. 


— 


31 


80 De 


November 


May 
June 

July 
Auguſt 
September 
October 


December 


334 
365 


A TABLE of Week-Days. 
| 


— 


WH = O,0nkFe 


| Monday 


Tueſday 


Wedneſday 


Thurſday 
Friday 
Saturday 
Sunday _ 


— 


—— 


+ 


Celeſtial and Terreſtrial Globes. 341 


A TasLz of the Horary Difference in the Mo- 
tion of the firſt Point of Aries, at the Time 
/ of a Vernal Equinox. 


M. |S. 7 J[[M.fS. FT 
H. M. 8. H. M. 8. 
110 23 31 | 4 42 
e 18 32-14 31 
3s 0 
410 3 34 | 5 8 
510 45 1355 1 ' 
6% 54 365 27 
| -7 i 4 |137]|5 36 
8x 13 385 45 
911 22 39 1 54 
101 31 40 If 
iS | 6 12 
1211 
1311 
14 | 2 
1812 
16 | 2 
1242 
18 1.2 
19 2 
203 
2113 
2213 
2313 
24 | 3 
25] 3 
26 | 3 
27 | 4 
38 |. 4 
29 | 4 
30 | 4 


342 Deſcription and Uſe of tbe 


f 

ce of the. Paſſage o 

T — — - — (+ a the 1 for 
e 


every Day in the Tear. 


— 
— 


V. I. | 2 
— March. 2 
[ES e 
ay * # | 4 
A | . 1 2 58 46 | 1 9 5 . 
1 5 10 53 2 
: 2 6 28 | 54 7 N 
5 5 40 370 58 * 3 
© 
4] 457 42 > 3h 5 
8 — 1 ties" | 36 | 51 1 5 
i 8 34 36 47 34 
7 r 30 37 43 52 7 
8 40 9 7 ESP 
9 | 18924-3359 240 
1 — 5 — 18 45 | 2.50 | 10 
| 11 27 6 | . 56 9 10 6 
12 |' 22 46 15 n 
1 4 f 1 4213 
4. 88 ; 7.þ___ 18-13 |_14 
A 14 14 34 18 
16 5 33 men 7 
18 es 2 7 1 13 
„ 742] 336 
19 52 47 87 1 
— TTY Ware 23 56 22 20 
7 — 21 
: 40 6 28 At 22 
wg He 26 49 6 
22 35 54 32 | * — 
23 358 4 a 
24 34 43 | - 35 E 
= <4 T1. 6 38 12 25 
26 2324 þ 120 | 44 | 2d. 
27 1915 35 NE 
2 5 3335 27 18 2 
11+ OE E 
29 | 1 2 : 
30 6 54 8 >» 3 
31 2 49 « 


Celeflial and Terreſtrial Globes” 343 


II. 
1 — — 
| H. M. S. H. M. S. H. M. 8. 
123 16 24 | 21 25 1219 22 28 
$3 21 23 18 433 A, 
3 N 14 16] 2 
| 4 5 29 13 43 to 91 3 
| 5 I 50 9 52 6 2 $ 
2 = Ov n — 
6 22 58 11 6 © 1 5 5 
7 54 33 2818 57 48] © 
| 30 54 | 2& 58 16 $940] 7 
9 47 14 | 44 23 49 32 
|... 4835] $3 45 24 | 9 
$3 3 55 46 35 41 15 | 10 
1 14 42 40 61 
| 7 32 33] 338 44 32 75 12 
11 28 52] 34 49 28 13 | 
{x 25 11 30 51 24 3914 
16 21 30] © 54 20 2915 
7 17 47 22 56 16 20 | 16 
| 1 14 4 18 58 12 11] 1 
1 10 21 14 59 3 111 
20 38 11 © 3 5119 
21 2 54 | 7 017 55 4Z | 20 
22 21 59 11 2 59 | 55 3327 
23 55 26 | 19 58 59 51 23 | 22 
24 St 41 54 58 47 1423 
| 25 47 55 50 56 | 43 4] 24 
26 44 9| 46 53] N 5 27 
2 0 23 42 50 34 40 | 26 
2 36 36 38 46 30. 37 27 
29 Z 48 34 42 26. 29 | 2 
30 29 0 | 30 38 22 20 | 29 
t „„ 40 | 


F 


— 4a * 


344 Doſeriptian and Uſe of the 


A. | | 
> July: — "Auguſt. | September. A 
HM s. HM S HN 
117 18 11 | 15 13 26 | 13 17 222 
2 } 14 3 9 331 134} 1h}. 
-37 'o<Q 504 © l 0s. 2 
4 5 48 1 49 © whe 
5 |- ++ I 41 [14 57 58 2.54 | 4 | 
3 NX. 
1616 57 34 54 8 [125917] 5 
2-532 50 18 55 406 
49 22 46 29 8112 
9 4517 42 40 48 28 8 
10 41 12 38 52 4452 9 
1111 11 35 8 - 41 16 | 10 
I2 33 347.438 1 37 40 | 11 
13 28 58 27 32 34 4 | 12 
I4 24 5 23% | 30 29 | 13 
15 20 52 20 1 26 54 | 14 
| 16 16 49 F 23 18 | 1 
I I2 4 12 32 19 43 | 1 
15 8 46 8 48 16 711 
19 4 45 1:3” 3 123111 
20 9 8 56 | 19 
83 12 67 
21 | I5 50 45 | 13 57 40 5 20 | 20 
22 | 52 40 53 58 1 44 | 21 
23 48 48 50 16 | 11 58 8 | 22 
[24], 4449]. . 46 35 54 32 |23| 
125 ＋ 42.51 |. 42 55 50 56 | 24 
R . —— —e— 
126 3654 39 14 47 2025 
127 32 57 35 35 4344 |2 
28 |, 29 2 |, 31 55 40 7 | 27 
29 25 6|,. 281 36 30 | 24 
1 30 2112] 24 3 32 53 | 29 
IIB 17 19 [ 421 0 | 20 


Celeſtial and Terreſtrial Globes. 


345 
IV. 
> | October. | November. | December. | 2..|- 
Q 
H. M. S. H. M. S. H. M. 8. 7 
111 29 15 | 9 32 50 | 7 28 50 | 
5 2537 [ 238 55 | 6, 4 
3 21 59 - 24 58Þ 2 
41 18 20 21 0] 15 473 
5 14 42 (43 A 11 25 4 
6] _ 11 3] 23 31, :7 31-51 
17 7 423 93240 6] 
3 43 5 2 6 58 17 + 
9 9 2 110 3354 
10 [10 56 21 [ 85657 | 49 309 
11 52 40 2 52 53 5 45 6 10 
12 48 58 48 49 40 41 | 11 
13 45 16 44 44 36 15 | 12 
14 41 33 40 38 31 50% 13 
15 3759|. 3% 38 |. 27 24 | 14 
16 34 6 32 23 22 5818 
I 30 21 28 15 18 32 is 
1 26 36 S$--$ 14 5 | 17 
19 22 50 19 54 9 39 18 
4. 19 4 15 44 5 1319 
21 15 17 11 32 0 46 20 
22 11 29 7 75 5 56 1927 
23 7 40 51 52 | 22 
24 3517 58 55 56 | 47 25 233 
25 A 54 36 42 59 
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CATALOGUE 


Mathematical, Philoſophical, 
e 
Optical INSTRUMENTS. 
. | | MADE * SOLD by 
GEORGE ADAMS, 
Mathematical . to che KING, 


At his Shop the Sign of Tycno Brant's 
Head, (No. 60) in Fleet-ſtreet, Low Dbox. 


Where Gentlemen and Ladies may be ſupplied with 
ſuch Inſtruments as are either Invented or Impro- 
yed by himſelf; and Conſtructed according to the 


H B Study of the Mathematicks be- 
ing now become a neceſſary Part of 
every Gentleman's Education, and 

as it contains an inexhauſtible Fund of uſe- 


A Cataigpeve of INSTRUMENTS. 


the meaneſt find ſomething within his Reach, 

the Theory of it diſplays an ample Field. 
and the Practice of it has always been pro- 
ductive of many great 3 to Men 
af Action and Buſineſs. 

As Mathematical Inſtruments are the 
Means by which the Sciences of Geo- 
metry, Aſtranomy, Philoſophy, and Opticks, 
have been rendered uſeful in all the com- 
mon and neceſſary Occurrencies of human 


Life, they not only enable us to connect 


Theory with Practice, but alſo inſtruct us 
how to turn bare Contemplation into the 
moſt ſubſtantial Uſe, by making one of the 


moſt ſerviceable Branches of Learning the 
natural Way of rendering this Knowledge 


general and diffuſive. 
Mathematical Inſtruments. 


'< i. 3 

ASE S of Drawing Inſtruments, h 
the Scales and Sector either 

Wood, Ivery, or Brafs, from 105. ' / 

6 d. to —ĩ ͤ D — 3 5 $5.0 
Magazine Cates of Inftruments, from 

71. 7.5. to 26 ©'o 
Silver Caſes- of Inſtruments, from * 

21. 125. 6d. to —— 210 0 
Proportionable Compaſſes ———— 1 11 6 


ta — . N oo 


Sectors 


A Catailocve of INSTRUMENTS. 


F4 

Sectors of a new (Conftrudion 2 

p 4 

Ditto 6 
Ecliprical Compaſſes of a new Con- 

ſtruction —— 5 

Gunners Calippers —— — 1 

2 

I 


© 00A 


Gunners Quadrants ———— 
diculars for Gunnery — 
Parallel Rules, two and three Feet 
Pocket Rules, Gauging and other 
Sliding Rules, Gunter Scales, Sur- 
© veying and Navigation Scales, with 
all :-other Kind of Scales and hots a 
at the uſual Prices. 0 
Plane Tables for Suryeying Land — 3 
Ditto of a new Conſtruction, with... 
a braſs-headed Staff ————— 75; 
Theodolites with plain Sights 5 
Ditto with Teleſcopic — and 
Vertical Arch A's — 12 
Ditto, of the beſt Sort — — 21 
Gunter's Chains ñx!2—ᷣ— 0 
Levels, of the lateſt Conſtruction — 7 
Ditto, larger —— 12 
Protractors, from 2 5. 6 d. to 1 
A new Protractor for ace off An- A 


— — — | 
" tA }ﬀ ow 
HOO 


= 1, 
3 


— 


—— 
98 OO GO 


— 


gles to a Mindtea —— — 4 4 o 
A new Plotting Scale with a Nonius 7 
-Diviſioh — 14 = 0 


Pantographers for reducing and en- | 
larging Plans and Drawings 5 5 O 
Meaſuring Wheels. rr 6.0 
5 
5 


— 


Pedometers 885 


Way, W. iſers for Wel Sandee — 5 3 
lay Aſtro- 


A CaTALoous of INSTRUMENTS. 


| J. 
Aſtronomical Quadrant —— 12 
Ditto 
Ditto —— — 52 
Tranſit Inſtruments, from 211. to 31 
Equal Altitude Inſtruments, from 

21 J. to 52 
Aſtronomical Sectors, from 501, to 100 
Horizontal Sun-Dials, from 10s. 6d. 

to 10 
Univerſal Equinodial. Dials, from 

103. 6d. to 


Eliptical double Dials, from 51. 55. . 
LO — 10 

Pocket Horizontal Dials for ſeveral 
Latitudes — 

Hadley's Quadrants — — 

Ditto — 


Hadley's Sextants 

Ditto | 

Dr. — new Steering Compaſs 2 

- — bis new Azimuth Com- 
pals — -5 


Orreries, from 25/7. to — 150 


A Planetarium, or Manual Orrery 
for the Copernican and Ptolemaic 


Syſtem — 
Ditto — —ͤ ö 
A new Planetarium —— 18 
A new Tellurian 36 
Adams's New Globes, 18 Inches Di- 

Ameter — m — 9 
Ditto, in Mahogany — — 11 


TW JE; 


10 


42 | 
Ditto, on a Pedeſtal, &c. ———— 18 


— 


t» © O\pS Wit 0 D' 


2 

2 

2 

3 

Ditto — — 4 
— # 

8 


J. 


12 1 


10. 
10 


O O OO 


8. 
O 
O 


+» 1 


O GO OOO 


— 


G9 CC 
v000. 


A Crate of IvrSthkviiers: - 


J. 3 
Pitts citved frames 24 
Dittes, in Matiogany and Brafs mαꝗ]ẽů9 | 
ing — — — 
New Globes, 12 Inehes — 5 
Ditto, in Mahogarip — — 8 46 


Optical Inſtruments 


Refleding Feteſcopes; r Foot < —— 2 1 


md, 18 Inches 


itto, 2 Feef —.ß⸗ñ3k?⸗u 12 r2 


Ditto, on a Rack Stand 

Small Reflecting di itto, 6 Inches — - 13 13 

Ditto, 4 Inches — 2 2 

"Phe new A<kivthatic Refradtin ing, Te- 
lefcope with ſeven Glaſſes, two Feet 2 

Ditto, three Feet 

Ditto, four Feet 
and ſo on in Proportion for an any 
other Length, all other Sorts of 
Refracting Teleſcopes, at the 11 
Prices. 

The large double Conſtructed . 
croſtope — 6 6 

Ditto; ar a flat Mahogany Case — 7 7 


2 
ov 4 


Ditto, of an inferior Sort 3 13 


Wilſon's Pocker Microfcope === 2 2 
Ditto- 2 1 


Ellis's Microſcopeꝛyãʒͤʒp•2ö⸗%e“ RY 2 
A ſolar Microſcope —— 4. 
Ditto” ——— — 5 15 
A Microſcopical Apparatus in a ; Mar 
hogany Box — — — 12 12 


— — TT 5 
= 


20 0 


2 
3 
4 


SO Q. QA 


GO O. Oo q. 


9. 8 9 


290 90 900 


ba 
=O 


A Chratoour of INSTRUMENTS. 


4. . & 
all other Sorts of N at | 
the uſual Prices. 1 
A Pocket Camera Obſcura ———— 0 10 6 
Ditto —̃ ä .— — 1 0 
Ditto, large Ä ↄ —“ ———— 1 5 0 

itto, larger — — 2 2 0 
A Book Camera, of a new e 

tion —— — —5 5 0 
A new Inſtrument for taking Per- 

ſpective Views. — 65 6 © 
Concave and Convex Mirrors, from 

75. 6d. to-. — 26 0. o 
Priſms, from 75. 6d. to. ——— 2 2 0 
N for viewing Prints, | 

rom 18s, to — — — 2 12 6 
Opera Glaſſes, from &5. to 1 1 0 
Reading Glaſſes, from 25. 6d. to 3 3 a 
Spectacles for the Noſe 1 01 
Ditto for 1 — — 0 3 01 
Dittowaoæq — 4 0 
Ditto Nel 7 6 
Ditto, in Silver — — 30 14 0 
Dito, Double Joints which 3 

preſs the Noſe, or Temples —— 0 9 o 
Ditto — — —— 0 12 0 
Ditto, in Silver —— I 1 0 
Spectacles of Brazil Pebbles, in Steel 


or Silver, at the uſual Prices. 


Philoſophical Inſtruments. 


Air Pumps, excluſive. of any Appa- 
ratus 


A ſingle Barrel ditto —— 2 2 2 


" a LY ” n 
* Wn, 7 
0 XIV 
* f a 
* 


A * * 4 
A ſmall double Barrel ditto — 4 
A ditto larger — 6 
A n —. 10 


A large Standing Air Pump — 21 
the Apparatus to either of theſe 


according to the Deſire of * Pur- 
chaſer. - | 
Barometers - . — 2 
Ditto, with — EUINR — 2 
Ditto — — — 5 
Ditto, with Hy eters— 6 
A new invent Barometer of a pe- 
culiar Make — 7 
Diagonal Barometers —— 5 
Wheel Barometers — — $ 
Tripple Diagonal Barometers 16 
Botanick Thermometers —- 0 
Ditto — — 0 


Farenheit's Pocket Themometers — 1 
——— Thermometers for Brew- 


ing, Diſtilling, &c. — 1 
Electrical Machines ö 6 
Ditto ———-—— 10 
Hydroſtatic Ballances —— 2 


4. 


4 
65 


10 
0 


2 


11 


6 
10 
12 
Theſe, with all the Variety of Inſtruments re- 


O O 


= = 
mm © © & © wy 


EGS 0 + 


-” 


— 


G 0000000 


quired in the Practice of the ſeverdl Branches 


of the Mathematicks, Philoſophy, and Op- 


tics, are Made and Sold as above, at the moſt 


— Prices. 
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